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t n 1982, the National Science Teachers Association con- 
ducted its first search for outstanding elementary school 
seance programs. Reports of that search, Focus on Excellence 
Vo 1 jme 1 Number 2, while demonstrating that some school 
programs were excellent, indicated that most elementary 
science programs were average or worse. 

But, immediately after the 1982 search, we heard from 
many who saw their unnominated programs as better than 
those selected. From all over the country indignant teachers, 
who did not submit their program because they "weren't 
good enough," now wanted recognition as they saw that 
theirs were exemplary. Because of this response from 
numerous schools, in 1985 NSTA conducted its first repeat 
of a search in a specific area. The NSTA task force on 
defining excellence in K-6 science teaching redefined the 
criteria and set out to see what new programs had arisen 
and to see if publicity would cause more to apply. And apply 
they did. 

Once more, the task force was faced with selecting the 
best of a group of quite good nominations. Their selections, 
from all elementary science programs nominated, make up 
this monograph, the last in Volume 4. 

John E. Penick 
February, 1987 
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Chapter 1 
Excellence in 
Elementary 
Science 

Phyllis Huff, Betty Burchart, 
David Butts, Gilbert Tweist, 
Jean Krause, Leon Ukens, 
Melvin Fuller, Mary McCurdy 



JL^xcellent teaching requires more than focusing on a 
single aspect. The following characteristics reflect a positive 
approach to science in the elementary school: well-defined 
goals and objectives; a carefully prepared curriculum; re- 
sources and materials needed for goal and objective comple- 
tion, administrative and community leadership and sup- 
port; a classroom environment that fosters teaching and 
learning for teachers and students; and regular and effec- 
tive evaluation that improves and ensures the success of 
the program. 

Fundamental to all teaching and learning are the overall 
goals of the school, the society, and the teacher. These 
goals must be built on a solid philosophy of education with 
meaning and purpose for the students. The goals act as a 
blueprint foi classroom experiences and a basis for 
evaluation. 

Excellent science programs are also based upon model 
instruction. This includes what happens in the classroom 
and what materials and resources are used. Typically, the 
elementary teacher uses a textbook and the students read 
and "discuss" or answer questions asked by the teacher. 
Excellent instruction requires much more. Science is explor- 
ing, grouping, investigating, being involved with the learn- 
ing process. Therefore, programs require reasonable 
expenditures of money and support. Science materials, 
equipment, supplies, and book? are needed to start and to 
maintain a good program. Hands-on investigations require 
equipment and materials for every child, not just the teacher. 
Funds are needed for effective inservice programs and for 
traveling to and attending conventions and meetings. For 
successful science, teachers must feel comfortable and 
enthusiastic about teaching it. Staff development enhances 
these attitudes. 

Any program must have the support of the administra- 
tion in order to be successful and to be defined as excellent. 
Teachers repeatedly say that the principal is the key to a 
good science program. Teachers and students take their 
cues from the principal. The excitement, the interest, and 
the feeling that science is important passes from the admin- 
istrator to the teachers, parents, and students. Without this 
support even the best teachers and most interested stu- 
dents cannot have time, materials, and enthusiasm for 
science. 

For any program to enjoy continuing success, every aspect 
of the program — teaching, materials, goals, learning — must 
be evaluated. This will determine if the program is fulfilling 
its goals. Evaluation shows competency and the depth of 
quality. If some changes are needed, that is also shown. 
The validity and reliability of the evaluation are very im- 
portant to the success of the program. 

Coals of Exemplary Elementary Science 

Goals can make a difference between a "program of 
science" and an "exemplary program of science." An exem- 
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plary program must present goals that reflect the overall 
purposes and expectations of the pre gram. Goals are broad 
statements or what we want the science program to achieve. 
Clear, well-defined statements of goals and objectives should 
give answers to these questions. 

• What do you want your school's children to accomplish 
after studying science? 

• What knowledge, skills, and attitudes should they have? 

• What value is science to their lives? 

• What is science good for? 

• Why use science? 

Today's scientific and technological society demands chil- 
dren be scientifically literate, an aim that should be reflected 
in the goals of exemplary elementary science programs. 
Listed below are standards that determine scientific literacy 
for 7th grade students. Students in an exemplary elemen- 
tary school science program will 

1. Exhibit effective consumer behavior by evaluating 
the quality of products, the accuracy of advertising, and the 
personal need r for the product. 

2. Use effective personal health practices. 

3. Use new data and ideas in learning situations. 

4. Recognize the effect of people on the environment 
and vice versa. 

5. Recognize and accept ways in which each individual 
is unique. 

6. Recognize that a solution to one problem often creates 
new problems. 

7. Observe variations of individual interpretations of 
different data. 

8. Recognize that science will neither provide magic 
solutions nor easy answers. Hard work and processes of 
science are required to resolve rather than solve many 
problems. 

9. Develop an understanding of information and con- 
cepts from a wide variety of topics selected from the life, 
Earth, and physical sciences. 

10. Recognize the roles of people involved in scientific 
pursuits and the careers available in science and technology. 

In selecting programs of excellence in elementary science 
teaching, goals can be evaluated by specific criteria. One 
school will not meet all the criteria, but should meet most. 

Characteristics of an Ideal Curriculum 

The core of a school's science program is the curriculum, 
which consists of plans to carry out the scope, sequence, 
content, and procedure. This plan, developed by the school 
community for the school, should be useful to the teachers 
and anyone else needing to know the science program's 
destination and route. The plan should have the following 
characteristics: 

1. When planning a curriculum, teachers, administrators, 
parents, students, community leaders, and others responsi- 
ble for implementing and sustaining it should be involved. 

2. Curriculum goals should not only reflect those of 
society, the culture, and the local community, but should 
also be consistent with the state's education goals. 

3. The plan should be developed with the intent of mak- 
ing science learning valuable to the lives of children now 
and into the 21st century. 

4. The plan should provide for a thorough periodic review 
(i.e. 5-7 years) of the goals, teaching strategies, and other 



aspects of the curriculum. 

A school's curriculum has the beginnings of an excellent 
science program when it contains the following eight 
characteristics: 

1. Sequential, coordinated science experiences for all grade 
levels K-6. These experiences are just that: they involve 
students in the learning process and expose them to the 
environment, not just to textbooks. The experiences should 

• Show a distinction between grade levels, with minimum 
overlap between classes and grades. 

• Be many and varied, including hands-on investigations 
and laboratory exploration so children will develop con- 
cepts and find information. 

• Apply content and processes to make science meaningful. 

• Extend beyond the classroom to the neighborhood, nature 
centers, museums, zoos, airports, factories, etc. 

2. Varied topics including all classifications of sciences: 
life, Earth, physical, environmental. 

3. A study of problems relative to the students now and 
in the future: for exampl?, the curriculum could cover acid 
rain, air and water pollution, effects of chemicals and hu- 
mans upon the environment, energy production and re- 
source availability, medical and bio-technical research, world 
population and hunger, military technology, etc. Students 
should apply major concepts to everyday life situations and 
formulate hypotheses to test anJ solve the problems. 

4. Scientific processes that are an integral and prominent 
part of the children's reading materials. These include ob- 
serving, measuring, predicting, inferring, classifying, record- 
ing and analyzing data, formulating and testing hypotheses, 
and designing and conducting experiments. 

5. Written materials that 

• Encourage children to explore, discover, and find answers 
for themselves. 

• Require students to apply science processes to problem- 
solving situations and to solve the problems. 

• Are readable, up-to-date, and understandable, andean be 
easily followed by the teacher and student. 

• Proceed from simple lo complex and from concrete to 
abstract. 

• Provide information regarding science related careers and 
how to pursue such careers. They also project what new 
science careers may be. 

6. Valid evaluation materials and techniques; i.e. tests, 
record sheets, performance demonstrations, and reports. 

7. Functional teacher's guide for e*ch level taught. The 
guide contains objectives, activities, and any information to 
aid the teacher in directing student activities. It also has 
room for personal notes. 

8. Time for teaching science, scheduled on a daily or 
weekly basis, with minimums of 100 minutes per week for 
K-3 and 150 minutes per week for 4-6. 

Resources and Materials 

The school budget should include an annual allocation of 
funds for financing the science program. This includes ade- 
quate funding of sufficient materials and training for hands- 
on experiences. Teachers should be involved in the selec- 
tion and purchase of materials, books, supplies, and equip- 
ment used in science instruction and for science references. 
Procedures for requesting and ordering supplies and equip- 
ment should be reasonable, simple, and efficient. 
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The school budget should provide 

1. Money for science materials, supplies equipment and/or 
books. Science materials (i e., thermometers, dry cells, seeds, 
aquaria) should be available in sufficient quantities to en- 
able all students to have hands-on experience with them. 

2. Ready and easy access petty cash funds for teachers to 
buy consumable and perishable science materials that can 
be purchased locally. 

3. Funds ror staff development in science; i.e., consul- 
tants for local science inservice programs, staff travel to 
science conferences, and teacher attendance at science 
conventions. 

4. Transportation funds and other costs related to field 
trips to nature centers, zoos, plane tariums, museums or 
factories. 

5. Allocations for a reasonable collection of science- re- 
lated children's books in the school library. 

6. Resources for refurbishing or replacing science supplies 
on a regular basis. 

7. Adequate storage space for science supplies, equipment, 
and materials. Teachers should participate in inventorying, 
ordering, storing, and the safe use of science supplies. 

8. Running water, sinks, and electrical outlets in the 
classrooms. 

Administrative Leadership 

The administration expresses interest and leadership in 
science teaching by letting teachers know they are inter- 
ested. Effective administrators demonstrate a positive atti- 
tude toward science, visit classrooms when science is being 
taught, and support science teaching. An effective adminis- 
tration displays the following nine characteristics: 

1. Informs teachers that they are expected to teach science 
for the times indicated in the curriculum plan. Follow-up to 
be sure that this is being done. 

2. Evaluates teachers during their science teaching. 

3. Questions prospective teachers abou^ their prepara- 
tion, intere r t and competence for teaching science. 

4. Takes the lead in providing inservice programs that 
are in accordance with school and teacher needs. The ad- 
ministration should actively participate in sc ; ?nce inseivice 
programs by being a member and doing the group activi- 
ties. Teachers should also assist in providing these pro- 
grams that offer teachers specific skills, techniques, and 
materials useful to them and their science lessons. When 
needed, these programs also include management strate- 
gies for student groups, and materials for science activity 
learning. 

5. Provides release time so teachers can participate in 
science education programs designed to improve skills. A 
number of teachers have participated in science education 
courses, workshops, and meetings that are provided by 
school or regional agencies, colleges, universities, and pro- 
fessional science education associations. 

6. Encourages teachers to regularly use the professional 
library in the school, which includes journals, newsletters, 
and other science education reference materials. 

7. Participates on committees or groups formed to select 
new science curriculum. 

8. Makes parents aware of the school science program 
through parent-teacher meetings, and helps teachers involve 
parents in science activities and fairs. The administration 




should publicize such programs in school and community 
media. 

9. Gives teachers opportunities to share ideas and activi- 
ties with their peers. 

Classroom Environment 

The classroom is where the goals of the program are 
realized The classroom contains the materials and resour- 
ces listed above, but the main components of every class- 
room are the teacher and the students. For this reason it is 
very important that the following 16 characteristics be 
clearly defined arJ carefully evaluated. 
Exemplary science teachers should 

1. Understand the goals, the curriculum plans, and the 
time allowed for science instruction and, thus, follow the 
guidelines. 

2. Display positive attitudes toward science. 

3. Take opportunities to learn new science techniques 
and try out newly-adopted science curriculum materials. 
They should also complete the activities before using them 
in ^he classroom. 

4 Regularly use a variety of teaching methods such as 
group investigations, discussions, multi-media instruction, 
reading, role playing, game playing writing, small group 
projects, lecturing, and individualized or specialized work in 
science (e.g., self-paced study, independent study, individ- 
ual projects, and peer-group tutoring). 

5 Provide learning experiences that explain science con- 
tent and science processes, and many opportunities for par- 
ticipation in science activities. This includes having hands- 
on sessions with real objects. These help children apply 
what they learn to everyday problem situations and sci- 
ence-based societal issues. 

6. Function as guides by assisting individual students, 
asking questions, suggesting alternate ways of thinking, 
and providing additional materials. Teachers should give 
children opportunities and encourage. nent to explore science 
materials and find answers to questions they have formu- 
lated about science. 

7 Ask open-ended questions and allow ?. wait-time of 
at least three to five seconds for students t j respond. 

S. Listen to what students have to say. 

9. Encourage, through non-evaluation response, scien- 
tific attitudes such as wonderment, open-mindedness, criti- 
cal thinking, persistence, and responsibility. 

10. Help handicapped dvldn n become actively involved 
in science experiences. 

11. Regularly combine scien< e with other curricular areas 
such as reading, writing, mathf matics, social sciences, health, 
art, music, and physical educ' tion. 

12. Regularly evaluate children to determine if they are 
acquiring competence in the science processes, knowledge, 
and attitudes specified ir the statement of goals and ob- 
jectives. 

13. Provide opportunities for students to learn to distin- 
guish between opinion, fact, and evidence. 

14. Make science-zelated library books readily available 
in the classroom to help students extend learned concepts. 

15. Give evidence of continuing science experiences in 
classrooms such as science displays on tables, cages of live 
animals such as gerbils or hamsters, shelves of science- 
related books, plants planted and/or cared for by children, 
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science question boxes, mobiles, and science bulletin boards. 

16. Display children's written essays, graphs, reporU, 
poetr>, or art projects that incorporate science-related con- 
tent and processes. 

If the science program and science instruction is good, 
teachers will see the results in their students. They will see 
that their students like science and talk about it positively. 
The class will be eager to explore science and able to ask 
scientific questions Class discussions of science topics and 
science activities will be long and enjoyable, as student^ 
express their observations and ideas 

Evaluation 

Evaluation should be conducted on a regular basis. 
Although evaluation continues throughout the program, 
there should be a regular, periodic review of the entire 
program. 

The evaluation procedures, such as standardized tests, or 
the school system for giving grades, reports, or student 
evaluations should be consistent with the science program's 
goals, objectives, and instructional practices. 

Students should perform as well as or better than the 
national average on standardized science exams, and, over 
time, perform consistently or improve 

Searching for excellence in elementary science is a tre- 
mendous task and an important one. Children must be 
exposed to and involved in science to survive this and the 
n^xt century. Science and technology are playing a major 
role in the everyday lives of all people. For this reason 
alone, our citizens must be informed on scientific issues To 



do this they must have a minimum of scientific literacy. 
Hopefully, this effort on behalf of excellence in elementary 
science will open the door to more and better science in the 
elementary sch jls of our nation. 
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Chapter 2 
The Gourmet 
Approach to 
Science Education 

Laurie Geiszler and Jerry Kent 
Renton School District 
435 Main Avenue South 
Rer ton, Washington 98055 



School District: Renton School District (13 elemen- 
tary schools; 350 staff; 6,1 Q 0 students K-6) 
Location: Renton, Washington (pop. 75,000) 

Eleven miles from Seattle on the southern end of 
beautiful Lake Washington, Renton is the 11th larg- 
est city in the state. The community is primarily 
white, suburban, and middle class 



History 

Prior to the 1970s, elei.ientary science was taught here 
with varying degrees of emphasis. In 1971, the superin- 
tendent invited four teachers to form a committee, evalu- 
ate the science curriculum, and identify its needs. To get a 
clear picture of what programs were taught, the committee 
sent a survey to all elementary schools. Results of the sur- 
vey showed that most Renton teachers used a textbook 
approach to science education, and the textbook was out of 
date. 

The survey also showed that teachers were frustrated 
due to lack of materials and supplies. The most frequent 
responses to the survey question: "What would you like to 
see in a science piogram?" included 

• A process-oriented science program. 

• Science materials. 

• Science kits for individualized investigations (not just 
textbooks). 

• Experiments based on discovery. 

• Experiments for each grade level. 

• Multimedia materials including supplemental books. 

• A science resource teacher to help us with activities. 

• Inservice training. 

Altering the curriculum to be consistent with what and 
how children learn is a problem. So, the superintendent 
instituted the Science Articulation Committee. For three 
months, a subcommittee met with publishing representa- 
tives to learn about available commercial programs. The 
committee wanted a process-oriented program to eliminale 
their fragmented curriculum and find a sequence approp- 
riate to children's maturity levels. 

In the fall of 1972, we selected three science programs 
tor a one-year study. While testing these pilot programs, 
we also surveyed teachers and parents in the community. 
We used the results of these surveys to revise the science 
program. Final evaluations of the programs were made, 
and a proposal for a kit program was made to the districts' 
directors. Unfortunately, our new proposal was rejected for 
being too costly. 

We explored alternatives for the commercially produced 
kit programs. The Highline Public School District had an 
innovative program, Project Ecology, ESEA JJJ. Funded by the 
Elementary and Secondary Title III Act of 1965, Highline 
had developed a demonstration project during 1971-1976 
based on activity kits. Sent to Highline to review their pro- 
gram, a committee returned with glowing reports. The 
savings of producing in-house developed materials made 
this program cost-errective. Our proposal to the adminis- 
tration was accepted. 



12 



Philosophy 

Today, our K-6 science curriculum is based on a hands- 
on activity approach j science. Our lessons emphasize 
small group work so that all students have a chance to 
participate. Along with the activity-based design, we imple- 
ment a "»;itchen science" philosophy. We want science to be 
a positive, practical, everyday experience. In order to imple- 
ment this philosophy, we stock our kits with everyday 
items like food coloring, tongue depressors, styrofoam cups, 
etc. We want our program to be fun and exciting, not 
intimidating. 

To formalize our goals, the Renton science program 

• Provides students with opportunities to maste r , retain, 
and apply the lasic facts, concepts, skills, and processes 
associated with science. 

• Develops positive student self-concepts through their re- 
lationships with science. 

• Fosters curiosity, initiative, creativity, and objectivity. 

• Encourages student understanding and respect for the 
environment. 

• Develops rational thinking processes that underlie the 
scientific approach to problem solving. 

• Develops fundamental skills in using laboratory materials 
and equipment, and in gathering, organizing, and com- 
municating scientific information. 

• Develops a knowledge of and a respect for the past con- 
tributions, the future possibilities, and the existing limita- 
tions of science in solving problems that face society. 
°einforces study and academic skills taught in other areas 
0* the curriculum such as mathematics and language 
arts. 

• Increases student awareness of historical developments 
in science. 

• Provides curriculum opportunities for both college-bound 
and vocationally-oriented students. 

• Establishes, maintains, and develops safety awareness in 
students. 

Curriculum Guidelines 

Several guidelines, established at the onset of the pro- 
gram, have directed the development of our science curricu- 
lum. It was important that the curriculum 

• Be consistent with science program goals. 

• Provide a balance between con ten* and process. 

• Reflect data regarding teacher and community preference. 

• Provide a balance between life, physical, and natural 
science. 

• Use the metric system. 

• Be implemented in the instructional time allotted for 

science. 

• Include an outdoor ecology experience for grade six. 

• Be financially realistic in implementation and costs. 

• Be developed around the assumption that a centralized 
sv ti for replenishing and distributing science supplies 
Vv ud be available. 

Prog* am Menu 

Teachers within our district wrote, built, tested, and revised 
science activity kits for each grade level: three for each 
primary level and five for each intermediate level. We com- 
pare our program to a gourmet meal. We have hors 
d'oeuvres, entrees, and Hes erts: 
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Hors d'oeurves: Short, quick-to-do c > onal activities or 
supplemental materials such as growing crystals, sponge 
gardens, green sea turtles, plants, and animals. 
Entrees: These kits are our required core curriculum: 
Kindergarten: Your World-My WoiU, Sink o\ Float, 
Air- Water- Weather 

First: Home Sweet Earth, Animals, Light-Shadow -Sound 
Second: Water, Dinosaurs and Modern Reptiles, Electricity 
and Magnetism 

Third: Cycles, Insects, Energy, Heat and Temperature 
Fourth. Water, Astronomy, Weather, Force, Motion and 
Machines, Endangered Species, One Day Field Trip 
Fifth: Green Plants, Seashore, Light and Sound, Geology, 
Energy and Elect icity, One Day Field Trip 
Sixth: Li*e Science, Matter and Change, Metrics, Energy/ 
Heat and Temperature, Mystery Powders, Biotic Com- 
munities, One Day Field Trip 

(All entrees come with a teacher's guide, hands-on mate- 
rials, worksheets, transparencies, filmstrips, books, and 
study prints.) 

Desserts: These are optional extensions of the kits, focus- 
ing on a particular area and the science process skills. 

Science Kits 

The science kits are the core of our program; they are 
the required science curriculum. In addrion to tht life and 
natural science units, we have tried to provide at least one 
unit on Earth or physical sciences at each grade level. All of 
the supplies for one lesson are packaged in paper bags, 
which are then placed in a large plastic tub and secured 
with a lid. In addition to the supplies, each tub holds the 
teacher's guide, all the worksheets for the students, and 
any books, transparencies, and/or filmstrips needed lo com- 
plete the unit. Films are ordered separately from the dis- 
trict's film library. 

The teachers' guide for all of the units were developed in 
the same for.nat. Each guide contains background informa- 
tion for the teacher, a list of kit materials and supplies, the 
goals and objectives for the unit, a vocabulary list, and an 
average of 10 lessons. Each teacher's guide is written around 
a single theme. Within each theme is a progression of con- 
cepts. For example, the 5th grade "Energy and Electricity" 
unit begins with an overview of the nature of energy. It 
narrows to look at electrical energy in particular and, finally, 
broadens again to look at the resources that provide electri- 
cal energy. 

The unit lesson activities are planned so that students 
encounter concepts of process science: observation, classifi- 
cation, measurement, data collection and organization, pre- 
diction and inferences of specified events, and making and 
testing hypotheses. A* students become actively involved 
in the investigations individually or in small groups. They 
record data from their investigations and follow-up by 
maki g generalizations and drawing conclusions. We use 
science beyond the traditional sense. We use an inter- 
disciplinary approach — mathematics, language arts, social 
studies, fine arts, etc. 

Each lesson plan is a unit in itself. Each exercise identifies 
the approximate time to complete each lesson. The primary 
lessons average 30 ninutes; the intermediate average 45 
minutes. Films and film-strips require additional time. The 
lesson plan is divided into three parti: discussion, student 
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student objectives are the minimal standards for that grade 
level. Hopefully, students' achievement will exceed these 
minimums. 

Objectives in the K-6 science curriculum are evaluated 
by several methods. Until 1984, science was graded on 
report cards merely as pass/fail. Evaluative tools consisted 
mainly of teacher observation of student cooperation, atti- 
tude, and skills with materials. Evaluation wa$ also based 
on teacher-made tests and teacher assessment of student 
projects. When science grading began, we developed stand- 
ard objective referenced tests. In 1983, a standardized pre/ 
post test was given at the 3rd grade level. Standardized 
pre/post tests were designed and distributed for the 4th, 
5th and 6th grades between 1984 and 1986. Through mul- 
tiple choice questions, these tests show a concrete reflection 
of learned facts and concepts. 

We have yet to develop a tool to measure student's pro- 
cess thinking. Although process thinking is difficult to 
evaluate, we are considering alternative approaches to ac- 
complish this. Hopefully, this will not be a pencil-paper test, 
but an actual activity where students discern the nature of 
a problem, design an investigation, and ultimately arrive at 
a solution. Material and data manipulation will be an inte- 
gral par* of the evaluation. This area oi* study will provide a 
basib i^i more scientific study and developing advanced 
skills. 

The program evaluation process is extremely important 
to us. Teachers must feel comfortable with materials and 
processes, and students must be able to perform the activi- 
ties and understand the concepts. Administrative staff are 
always available to help teachers. When a teacher has been 
unable to perform a lesson, we offer assistance. 

Our teachers continue to play a key role in the program. 
The Renton School District's science program is the result 
of in-house, teacher-developed materials. When each new 
unit is published or an older unit is revised, we send out a 
short survey form to solicit teacher responses to new mate- 
rials. We monitor teacher opinion? attitudes, and successes 
with the units. Teachers are solicited for comments on kit 
materials, lesson plans, concepts, films, and support mate- 
rials. We try to eliminate any feelings of doubt and inade- 
quacy. If the teachers are comfortable and enthusiastic 
about the program, the students will be. One of our teachers 
wrote to us: ". . . with the kit and the field trip, I'm sure my 
students think I can teach science. Keep up the good work. 
You making us look like scientists." 

As we completed the writing phase of our core program, 
we spent an entire spring with teachers in a major evalua- 
tion process. Teams of teachers at every grade level were 



selected to review the kits. The kits were evaluated by 
several criteria. 

• Were the kit concepts appropriate for the grade level? 

• Were the lesson plans easy to set up and perform accord- 
ing to expectations, and were they easy to understand? 

• Did the kit materials arrive in good working order? Were 
there enough? Did they fill the needs in the lesson plan? 

• Did the films and support materials enhance the lessons? 
Were they up to date? 

• Are there any special needs or requirements? 

This major program evaluation coincided with the be- 
ginning development of our standard referenced tests. The 
objective for our tests was two-fold. For the teacher: Did 
the students learn the material and perform the objectives 
in each unit? For us: Did the program accomplish what it 
was designed to do? With the results compiled by the eval- 
uation teams and the tests, we began a kit revision process. 

Plans for Improvement 

Though we have come a long way in 15 years, there are 
still some areas that could be enhanced. Some are readily 
attainable, others are not. These changes could be grouped 
into four areas: physical classrooms, teachers, the Science 
Resource Center (us), and the administration. 

The physical classrooms could be enhanced by increasing 
space and reducing classroom enrollment to 20-25 students. 
Running water, portable partitions, and carpeted areas 
would give each classroom greater opportunities. An avail- 
able "science" room in each elementary school would en- 
hance learning in science. 

Our teachers need a stronger background in the science 
process skills and the art of questioning— both skills not 
limited to science but inherent in producing "critical think- 
ing skills." Teachers feel hampered by the lack of a science 
background. Increasing college requirements in science is 
one way of handling this. Teachers must also realize it is 
not bad to say "I do not know." They need more flexibility 
and the ability to say "Let us find out." 

At the Science Resource Center, we need to finish devel- 
oping our objective reference test and a tool devaluating 
process skills. The logistics of our own system of inventory 
and kit sign-ups would be enhanced by a computer, which 
would allow us to be more productive. Teacher inservicing 
is also an area where we could expend more energy. 

At the administration level we have had considerable 
support and are thankful for it. However, our program 
could be enhanced by eliminating split grade level classes, 
giving us more space in ovr materials service center, man- 
dating more time per week for science and, of course, more 
money. 
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Chapter 3 
Great 

Opportunities 
in Science 



Francis X. Finigan 
Winchester Publi : Schools 
Winchester, Massachusetts 01890 



School District: Winchester Public Schools (5 elemen- 
tary schools; 65 staff; 1,462 students K-6) 
Location: Winchester, Massachusetts (pop. 21,000) 

Predominately upper middle-class, this is a proud, 
stable, somewhat conservative community. A large 
proportion of the population is employed m business 
and professions; the average income is among the 
highest in the state. 
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History of the Program 

Until 1968, the elementary science program in the Win- 
chester Schools was based on a textbook by Navarra and 
Zaffaroni. Students read about science with no particular 
conceptual scheme. There was no continuity between grade 
levels. 

In 1968 we introduced Experiences in Science (EIS) by Tan- 
nanbaum and Stillman, a process- and inquiry-oriented 
program. It was not an outstanding program but it pro- 
vided continuity and gave us a foundation upon which to 
build. 

Gradually we replaced EIS with both Elementary Science 
Study (ESS) and Science Curriculum Improvement Study (SCIS) 
materials, and in 1976 we adopted SCIS as our basic pro- 
gr* n. SCIS is an organized, well-integrated, highly struc- 
tured program employing all the skills of inquiry science for 
concept development. 

We established a central distribution system where kits 
were refilled and refurbished. Members of our staff went 
to university summer sessions where they studied SCIS 
and learned to lead process science workshops for teachers. 
Each year the curriculum was explained and demonstrated 
to new teachers. In our first year, we organized a five-week 
nature workshop for teachers conducted by Ivy LeMon, a 
regionally acclaimed naturalist. The following year, Mon- 
tine Smith of the Audubon Society gave an inservice course 
on our town's natural resources. We also developed a nature 
program which blossomed into Nature Trails, a volunteer 
group whose members take our students on field trips to 
local ponds as part of the SCIS units titled Environments 
and Communities. 

Because of our success in developing the science pro- 
gram, we were asked to conduct the school drug program 
for grades five and six, presenting drug workshops for 
teachers, and securing and updating materials for drug kits. 

We further expanded our teache; s' skills in process science 
with a series of inservice courses. Ken Taylor, a nationally 
known expert on the preparation of SCIS teachers, con- 
ducted a five-week course; 31 members of the ste ff and five 
Nature Trails people took part. 

We also designed an inservice course "Sciencing, Adding 
the Do to Science." Not only did we have outside experts, 
but our local Winchester talent made it special. 

We then prepared a human growth program in which 
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we made up six kits dealing with one of the body systems- 
one for each grade. As part of that program, we conduct 
the sex education program at grades five and six. 

From 1976 through 1979, the school's director of science, 
Francis X. Finigan, was the part-time associate director of 
the Massachusetts Elementary Science Curriculum Imple 
mentation Project (MESIP). This project was funded 
through the National Science Foundation (NSF) and con- 
ducted at Boston College. Through MESIP, Finigan further 
committed Winchester to process-oriented science. 

For six summers from 1979 through 1984, we commit- 
ted funds to curriculum writing in elementary science, 
developing a core team of three outstanding elementary 
teachers, Susan Doubler, Robert Lvnch, and Joanne Mar- 
tig nette, working in conjunction with the director of 
science. We noted an increased interest in elementary sci- 
ence as a result of that team's efforts. 

Our current program is an integrated K-12 curriculum 
designed to promote scientific literacy. The program fea- 
tures a combined system based upon the Winchester Guide 
to SCIS II, the Winchester Elementary Science Reading 
Program, and an Applications component. The Winchester 
Guide describes each of the chapters in the SCIS II modules, 
the value of each activity, the problems that arise during 
the activities, <~.nd recommendations for use. Our reading 
program includes 35 science tradebooks for grades K-6, 
teacher's gu'des, and study questions/worksheet ideas. The 
teacher's guides suggest how the tradebooks can extend 
the SCIS program and develbp students' listening, reauing, 
and analytic skills. 

Winchester Elementary Science is taught by the class- 
room teacher. Staff is available to advise and assist the 
classroom teacher with information and management 
techniques. We also have developed instruments to assess 
our program and to evaluate student achievement. 

Our Program 

We believe in the attitude stated by John Gardner, "Why 
give students cut flowers, when they can grow their own 
plants?" 

The Winchester Elementary School Science Program 
focuses on phenomena in the natural environment, stress- 
ing the collection and processing of data and a balance 
between the physical and biological programs. Our elemen- 
tary curriculum is organized around problem-solving skills, 
real-life issues, and decision making. 

At the 5th grade level, for example, the physical science 
unit is Energy Sources. During a semester-long study, stu- 
dents explore various energy systems to develop an under- 
standing of energy concepts. Students work with a slider- 
sphere system to develop their concepts of energy source 
and energy receiver. The best way to transfer energy, 
called the stopper-popper system, is also explored. By keep- 
ing a record of temperature change, students, in a very 
dramatic way, learn that energy is transferred from water 
to ice in a glass of ice water. All the unit activities help 
develop the concept of an energy chain. Along with hands- 
on experience, students are expected to record data and 
draw conclusions. Based on their understanding, pupils are 
encouraged to explore on their own. Students also plan and 
design their own energy chains. 

In the biological unit for the 5th grade, Communities, 



students observe the interaction of terrarium and aqua- 
rium populations to develop their concepts of food source 
and food cycle. Children find life study fascinating. Both 
the physical and life sections of the SCIS program give 
students the opportunity to use their own experiences as a 
basis for understanding and analyzing. They then share 
and discuss their findings. 

The Applications component of our program, developed 
in the summer of 1984, includes what many hands-on pro- 
grams do not: materials for all students to explore applica- 
ble problem -solving activities both in and out of school. The 
balance between physical, Earth, and biological sciences 
focuses on the student's total environment. While instruc- 
tion concentrates on hands-on activities, children work in 
groups to develop group process skills and learn to build 
ideas from the ideas of others. Applications accompany 
each unit to emphasize the relationship of SCIS concepts 
with science, and the relationship of science to other areas 
of study. In Farm Animals, an application used in the first 
grade with Material Objects, 1st graders expand their 
understanding of classification by building a model farm. 
To extend the 2nd grade physical science unit, students 
build simple machines and further their understanding of 
the evidence of interaction. 

At the 5th and 6th grade levels, students' biological study 
is reinforced by a week in a camp setting, where they focus 
on environments and the life in those environments. At 
camp, students get their first glimpse of a caddis fly and 
become aware of the fragile salt marsh ecosystem. They 
take what they find back to the lab for a closer look. One of 
the benefits of this experience is building group and indi- 
vidual awareness. Fifth graders end their camp experience 
with a problem-solving activity based upon their week's 
learning. In a land assimilation game, for example/ a prob- 
lem is presented to the students: the town rf Centerville 
must decide how to use the gift of five acres of land. Each 
student group develops a plan and then presents their case 
to the town officers, trying to convince them that the plan 
makes the best use of the land. 

Closer to home, children are involved in the Winchester 
Trails program, run by town volunteers with the guidance 
of the director of science to give young children an oppor- 
tunity to explore various environments in our own com- 
munity. We have incorporated this program into both the 
populations and environments units. 

We also encourage community volunteers, resource peo- 
ple, and parents to take part in the science program. Par- 
ents are also involved through home activities. After study- 
ing rectangular coordinates, parents of 4th grade students 
are asked to help their child map a room. As children share 
their excitement with parents, parents in turn become 
active participants in the profe/am. 

All of our elementary schools are equipped with Apple 
computers and our students use LOGO. While we are not 
pleased with our present simulation software, we hope that 
microcomputers will help our classes simulate situations we 
cannot easily observe through demonstrations or labora- 
tory experiments. We are trying to maintain real world 
experiences in direct laboratory and demonstration expe- 
riences, and use our computers as a tool for computation, 
tor processing information, and for creating and testing 
models for describing processes, procedures, and algorithms. 
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The Teacher's Role 

With a process-centered program the teacher's role 
changes to that of observer, listening and watching chil- 
dren's progress. The teacher must also guide children to see 
the relationship of their fir dings to the key concepts of 
science. The teacher must also be an expert manager. 
Obviously, to meet these challenges, the teacher needs 
support. In our system, this support began with a simple 
sheet called SCIS Survival which gives basic teaching 
recommendations such as: "Remember Murphy's Law- 
Try the experiment before doing it with your students" or 
"If your crickets croak, call the organism bank!" 

After surveying all teachers to find out which parts of 
the program were successful and which were creating 
problems, the SCIS II Guide was developed to inform 
teachers of the value of each activity, problems to avoid, 
and recommendations for use. 

After completing the guides to each SCIS unit, we saw 
that there were problems common to every unit. There- 
fore, we compiled The Key U Inter- Action, a list of general 
recommendations for the entire program. 

Finally, a brief list of Logical Strategies for T'achers helps 
teachers with management. Management ij only one prob- 
lem t le elementary science teacher faces. Others include 
how to find set-up time, where to find storage space, and 
how to maintain live organisms. To help with such prob- 
lems, all elementary science teachers attended a live orga- 
nism workshop where Marion Harris of Boston University 
showed teachers how to take care of classroom creatures. 

Another workshop, conducted by Gerald Abegg of Bos- 
ton University, focused on process activities for the class- 
room and trends in science education. 

Evaluation 

It is an established procedure in our school system that 
an assessment component must be part of the program 
design. We constantly ask for input from our teachers on 
the status and quality of our program. "The Implementa- 
tion Update On Elementary Science Program," " Database 
for Split Grades Curriculum Planning," "Science Reading 
Program," "Assessment," and an annual "ZC\S Evaluation 
Sheet" are typical titles for data on the science program 
submitted by our teachers. These data are analyzed and 
reports are prepared for faculty and administration. These 
then become the basis for changes in our program. For 
example, the Summer 1983 Curriculum Workshop was a 
direct result of a call for everyday applications of process 
science. 

It is interesting that even though we are using a process- 
oriented program, the results of the Stanford Achievement 
Test, which uses a fact-oriented approach, indicate that we 
continue to score extremely well and in fact improve as the 
years go op. Even though we do not use a textbook, our 
students do not lack in content knowledge. For manv years 
we administered a test at the 4th grade level made up of 
»tems that were released for publication by the National 
Assessment of Education Progress (NAEP). The results 
revealed that Winchester is significantly above the national 
norm on correct answers in all but three of the 40 ques- 
tions that make up the exam. And our students score sig- 
nificantly higher than national groups in the process area. 

We stress formative evaluations in analyzing our pro- 
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gress. We developed evaluation instruments for grades two 
and four that cross-referenced each question with two 
objeciives, one dealing with the science process, the other 
with the concept developed. For example, a question in the 
grade four evaluation dealt with the predicting process and 
fell under the environmental factor concept. This cross 
referencing helps identify possible weak spots in our cur- 
riculum. Moreover, the 4th grade evaluation is keyed to a 
micro-computer software program, Mastery Management, 
where student answers are analyzed ip terms of our prede- 
termined objectives. This allows us to provide teachers and 
students with immediate feedback. 

Plans for Improvement 

Since the beginning of our process science program there 
have been concerns, most of which have been successfully 
addressed and others which continue to some degree. We 
expected this. The change in approach to science education 
was traumatic as the textbook prop was pulled away. There 
was anxiety over whether the process learning represented 
the best science experience for our children. The introduc- 
tion of a laboratory approach was likely to lead to a messy 
classroom and the new materials and approach required 
increased investments of time, energy, and commitment on 
the part of the teacher. Our teachers have responded by 
nurturing a science curriculum that continues to grow d*id 
to reach out to affect all students. It is our job to see that 
not only do children become acquainted with their world, 
but that their needs are met so that they may become 
knowledgeable individuals capable of functioning success- 
fully in a science-oriented world. Elementary school is where 
it begins. A child's self-image, relationship to others, and 
orientation to a larger world is formulated here. The foun- 
dation for later attitudes and indeed, success itself, can 
often be traced back to elementary school. Our responsibil- 
ity is great. 

At this point in the history of the program, we have 
made the transition from a text-centered to an experience- 
centered elementary science program. The staff over- 
whelmingly accepts the views that hands-on science ought 
to be at the heart of what we do with elementary school 
children. We feel that oui elementary science program pro- 
vides the foundations for a scientifically literate society. 

Recognizing this, our new superintendent of schools, 
Charles L. Mitsakos, gives elementary science priority sta- 
tus within the system. Our assistant superintendent, David 
Ackerman, has urged increased time allotments to each 
grade level, and encourages teachers to take advantage of 
our consultant services and in-service opportunities. 

We have been effectively funded. In 1968, we requested 
a budget of $4,000 to introduce a pilot program in process 
science. How that has grown! We now have an established 
per pupil allotment of $4.20 for consumable supplies, we 
purchase 15 aquariums at a time, we place weather stations 
in schools at a cost of $500 apiece, we pay for animal work- 
shops conducted by outside experts, we maintain an orga- 
nism bank at the high school, we have a person whose 
main job is to replenish our kits in a central distribution 
center, we have computers in each school, and we have the 
money to fund summer curriculum workshops to fill in the 
missing pieces in our program. 
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Chapter 4 
From Reading to 
Doing 

Robert Pesicka 

Douglas Elementary School East 
Box 1028 

Douglas, Wyoming 82633 



School: Douglas Elementary School East (18 staff; 
375 students) 

Location: Douglas, Wyoming (pop. 9,000) 

District: Douglas Public Schools (2 elementary schools; 

54 staff; 846 students 1-5) 

Originally a ranching community, Douglas grew with 
the energy boom of the 1970s and now serves ranches, 
uranium mines, coal mines, and oil and gas fields. 
Located on 1-25, the area is accessible to Casper and 
Cheyenne. 
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History of the Program 

The staff of Douglas Elementary School East spent two 
years developing school goals and communications skills 
before we began to write curriculum. This process began in 
1977 when a new principal came on board, hired with the 
assigned task of creating an alternative school environment. 

Working with assistance from parents, by the 1979-80 
school year we had developed a direction for our curricu- 
lum and programs. 

Before designing a curriculum, we had to establish a phi- 
losophical foundation. We decided our program would be 
consistent with Piaget's theories on cognitive growth and 
development, and that all curriculum development teams 
would use these theories as a basis for their work. An 
outline of our curriculum guide included statements about 
the following areas as they related to children, the school, 
and teachers: student outcomes desired, critical teaching 
behaviors, skills, attitudes and concepts, student evaluation, 
record keeping, and reporting. The new curriculum would 
reflect these priorities. 

We decided to avoid writing specific objectives for each 
grade level and considered our curriculum a total school 
program encompassing all grades. The activities would be 
based on the guide, the teacher's knowledge of students 
and their developmental levels, and the appropriateness of 
activities for those students. Flexibility was to be allowed in 
scheduling, content areas, selection of materials used, and 
in methods employed. We became a school that derived its 
resources from a variety of materials and people, not from 
a textbook. 

Staff development paralleled curriculum development. 
Inservice training focused on understanding Piaget's work 
and its application to our program, and used various print 
and non-print resources as well as personnel from three 
colleges and universities and the Wyoming State Depart- 
ment of Education. Staff development continues today. 

We had trouble orienting new teachers to the changes. 
Our solution was to develop a support team structure 
among the teachers. Each teacher was assigned to one of 
three teams. Each team consisted of teachers from each 
grade level and from the support areas of art, music, physi- 
cal education, and special services. This grouping of teachers 
from all grade levels and areas helped to develop the con- 
cept of a total school program. These groups also instilled 
individual feelings of "ownership" among teachers, as they 
found themselves involved in both the design and then 
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practice of the new curriculum. 

Our curriculum development progressed in the follow- 
ing way: 

1978- 79 

• Staff survey identifies science as the curriculum needing 
the most development. 

1979- 80 

• Science curriculum team is selected and begins planning. 

• Staff adopts belief statements. 

• Critical teaching behaviors are identified and adopted. 

• Work begins with Wyoming State Department of Edu- 
cation. 

1980- 81 

• Student outcomes finalized and adopted. 

• Science processes identified arid adopted. 

• Summer college course on Piagetian theory presented at 
East. 

• Program implementation plans developed utilizing sup- 
port teams. 

• Work begins with Universities of Wyoming and Colorado 
personnel. 

• Superintendent of schools and curriculum director 
accept program. 

• Webbing workshops begin (see "Instruction Methods" p. 19). 

• Teachers visit University of Colorado Mountain View 
Center. 

1981- 82 

• Work continues on understanding and applying Piagetian 
theory. 

• Support teams begin to design and practice curriculum. 

• East staff demonstrates Elementary Science Study (ESS) 
materials. 

• Webbing workshops continue. 

• Program evaluated in April. 

• Science team identifies program needs. 

• Work continues with university personnel. 

1982- 83 

• Piagetian work continues. 

• College course on Piaget offered again, attracting teachers 
from other districts. 

• Work begin* on questioning techniques. 

• ESS kit resource persons selected. 

• Creative problem-solving in service begins. 

• Work continues with university personnel. 

• Available library media resources are addressed. 

• Student problem-solving group initiated. 

1983- 84 

• Staff increases use of community resources. 

• Work continues on questioning and creative problem 
solving. 

• Statements adopted regarding student evaluation and 
record keeping. 

• Work continues on organization and management of 
materials. 

• Principal attends summer thinking-skills workshop. 

• School science center opens. 

1984- 85 

• Teachers attend thinking-skills workshop. 

• Student cumulative record science form adopted. 

• Development of more Piagetian-related classroom ac- 
tivities. 

• School science center continues. 
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• Minimum requirement of four science units per year 
adopted. 

• Additional print resources obtained. 

In addition to these activities, teachers developed class- 
room units, collected materials, expanded their knowledge 
of science, read professional literature, attended workshops, 
and met in informal sharing sessions. 

Our Program 

Our science program emphasizes hands-on, exploratory 
activities. Content areas vary with the interests of students 
and teachers, current events, and the availability of resour- 
ces, and all teaching focuses on process skills. 

With our emphasis on Piagetian training, learning activi- 
ties are based on their suitability to the developmental lev- 
els of the students. Experiences va T y from guided instruc- 
tion to playing with materials and ideas. This includes stu- 
dent research to develop a knowledge base, experimenta- 
tion, small-group projects, brainstorming, individual re- 
search projects, and whole-class discussions. 

Each teacher in our school is considered a teacher of 
every subject. Thus, art and music teachers incorporate 
science into their classes, and science teachers integrate 
other subjects into their own classes. Through webbing 
and a thematic approach, we attempt to integrate all sub- 
jects into an area of study. 

Our staff philosophy of sharing and communication en- 
ables us to make optimum use of supplies and materials and 
lets us exchange ideas and activities. Students benefit, as 
the strengths of each teacher are used by other staff mem- 
bers in their planning and classroom activities. 

Though our teaching methods and classroom activities 
are customized to meet our students' needs, we are bound 
together through common school goals, pupil outcomes, 
and specific areas of emphasis. This provides continuity 
while allowing room for creativity and flexibility. 

Thus, we have succeeded in making science one of the 
major curricular areas in our school by having total staff 
"ownership" and involvement in the design and implemen- 
tation of our program. 

Program Goals 

Our program is designed so that students will 

• Be curious learners. 

• Willingly involve themselves in problem solving situations. 

• Show curiosity and explore materials 

• Experience ec*fh of the processes of science. 

• Understand that ;ome problems have more than one 
solution. 

• Make efficient use of time and materials. 

• Show care for their own materials and those of others. 

• Demonstrate respect and care for other people and all 
life. 

At East, we believe that teachers should nurture the curios- 
ity of children by 

• Being aware ot what children bring to the classroom and 
using that as a starting point for study. 

• Knowing that children already have interests and curios- 
ity when they come to school. 

• Providing a variety of experiences that allow students to 
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become involved in their own education. 

• Giving students the opportunity to communicate their 
ideas, formally and informally. 

Teachers should also encourage understanding, respect, 
and concern for the physical and social environment by 
teaching that 

• All people are a part or the environment. 

• All parts of the environment are related. 

• People's actions affect the environment. 

• The classroom is part of a student's environment. 

We believe that teachers should actively involve students in 
learning experiences by 

• Providing time and materials for students to explore both 
on their own and through teacher-initiated opportunities. 

• Guiding students in the proper use of equipment and 
materials ar. tools for exploring. 

Our teachers should encourage students to develop and 
engage in critical-thinking activities. Because our emphasis 
is on processes, attitudes, and concepts, we have no speci- 
fied contei t areas of study. Teachers choose conceptual 
areas such as matter, energy, form, time, change, scale, and 
living things. Students may study a particular content area 
several times during elementary school. 



Instruction Methods 

Our budget allows each teacher to select and purchase 
science equipment and materials for classroom use and 
demonstration. Resource units, equipment, and materials 
are available in the media center and many teachers have 
their own units. Equipment and materials available at East 
include microscopes, lab equipment, ESS kits, science refer- 
ence books, a microprojector, a computer, a telescope, stu- 
dent photography material and a darkroom. The quality, 
quantity, and variety of our instructional materials are 
excellent. 

Process-oriented science is apparent throughout the 
school day as we integrate science into the total curriculum, 
Many instructors connect lessons and activities to a central 
topic as they plan and prepare their units— a procedure 
called webbing. This integration lends itself to applying 
science skills (such as observing, classifying, and measuring) 
to other areas of the curriculum. Many teachers use thema- 
tic units and include all curricular areas in the chosen 
theme. 

We try to make study immediately useful and accessible 
for students. Materials that children bring to the classroom 
are often used as a starting point for study. Everyday items 
are often used to involve students in exploring and sharing 
In the small engine class, a core group of fifth graders 
learned how to dissemble nd reassemble a lawn mower 
engine, and then became instructors for other students. 
Our students have visited the mountains for overnight 
outdoor education uimping trips, local taxidermists, the 
hospital, the North Platte River, the Casper planetarium, 
various local businesses, and the natural area adjacent to 
the school. Current events discussions have led to activities 
dealing with pollution, drug abuse, energy conservation, 
world-wide food production, child abuse, space travel, and 
energy. 



Teachers 

The administration and fellow staff members encourage 
teachers to try new methods and ideas in science. Oppor- 
tunities for new ideas and techniques are provided through 
, inservice trips outside the district, resource personnel, infor- 
mal sharing sessions, and staff meetings devoted to the 
teaching of science 

In working with the science teachers at the middle school, 
we nave been able to coordinate our efforts to assure a 
continuity of programs and compatibility of goals. Because 
of our proximity to the high school, we often use its 
teachers as resouices for ideas and materials. 

For a science program with our focus, almost any type of 
material will work. Library books, reference books, maga- 
zines, textbooks, letters, and interviews serve as excellent 
print resources. Manipulative materials can be brought 
from home, donated by businesses, or purchased with the 
ESS kits. Natural areas near our school provide an envir- 
onment for study which complements that of the class- 
room. Resource persons in the community are also valuable 
to the program and are usually happy to visit free of 
charge. 

Evaluation 

Our students' success is ultimately measured by what 
they do after leaving our school. Communication with 
middle school science teachers tells us that our students are 
interested in exploring their world and are ready for more 
complex tasks. 

Within our school, student progress is evaluated by 
classroom teachers using a variety of methods. Question- 
ing techniques and teacher observation are important in 
keeping anecdotal records of student interest, effort, think- 
ing strategies, behavior, arid progress. Oral and written 
tests, activity sheets, lab journals, folders, projects, pupil 
self-evaluations, and student reports are also used. Teachers 
fill out a yearly student record sheet for science and Piage- 
tian Task Cards, and pass them on to the next grade level 
in the cumulative folder. These include student levels of 
progress in using the process skills and the units of study. 

We have used three major evaluation techniques to 
maintain and improve our program. First, yearly assess- 
ments by our building science team are on-going. These 
involve input from the total staff concerning areas of need 
and ideas for future implementation. Second, in the spring 
of 1982 a comprehensive evaluation of our science curricu- 
lum covered the way teachers were meeting critical teach- 
ing behaviors and students were reaching identified stu- 
dent outcomes. This process included a self-evaluation by 
our staff, an evaluation by one teacher from each of the 
other schools in the district, and an evaluation by personnel 
from the Wyoming State Department of Education, Uni- 
versities of Wyoming and Northern Colorado, and the 
Mountain View Center in Boulder, Colorado. The building 
science team used the results of this evaluation to deter- 
mine needs for future work. Third, during the 1983-84 
school year, East Elementary was part of a district-wide 
NCA evaluation. This evaluation included a comprehensive 
self-study of our K-12 snence program and an on-site eva- 
luation by educators from throughout Wyoming. During 
1984-85 we reacted to the recommendations with imple- 
mentation plans for the 1985-86 school year. 
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Plans (or Improvement 

Our teachers are committed and willing to become active 
participants in all of the curricular areas. Their enthusiasm 
and desire to grow professionally enable us to improve our 
program every year. Total sharing and cooperation facili- 
tates the learning process for the staff and students. When 
it becomes necessary to h re new teachers, the applicant's 
backgrounds in child growth and development and in math 
and science are examined. Conside rable effort is expanded 
through the support team structure to make new teachers 
aware of our program, its goals, and its expectations. 

The personnel currently employed in the program effec- 
tively use the available resources. Should the funding for 
these resources decrease, it is expected that our program 
would be maintained due to the creativity, resourcefulness, 
and commitment of our staff. 

We continue to foster parental knowledge of our pur- 
poses and willingness to encourage, assist, and provide 
materials for their children. Through individual conferen- 
ces and newsletters, our teachers keep parents knowledge- 
able and involved. Because of family support, children are 
enthusiastic learners who find exploring and sharing with 



their peers an exciting experience. 

There are no major parts of the program which we antici- 
pate changing dramatically. Rather, we will grow and expand 
with what we have begun. We will continue to increase our 
knowledge of child development and how it applies in the 
classroom, improve our classroom studies, and improve our 
student evaluation. We have established an excellent base 
for our science curriculum. We now plan to increase our 
skills and knowledge to make it even better. 

We have a strong, exciting program because of the con- 
tinued commitment of a supportive school rommittee, 
administration, teaching staff, support staff, parents, and 
most importantly, students who act responsibly toward 
themselves and their environment. 

In summary, John Gardner wrote , "A new series of great 
opportunities will always come along, brilliantly disguised, 
of course, as insoluble problems." We have established the 
beginning of a top-flight K-12 science program. We must 
continue our effort. We accept the insoluble problems of 
Gardner for what they truly are: great opportunities. 
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Chapter 5 
Learning by 
Doing 

Earl Whitlock 

Hillsborough County Public Schools 
Box 3408 

Tampa, Florida 33601 



School District: Hillsborough County (93 elementary 
schools; 3,562 staff; 59,000 students K-6) 
Location: Tampa, Florida (County pop. 647,000) 

This rapidly growing area, consisting of Tampa and 
many smaller, culturally diverse municipalities, has 
the 14th largest public school system in the nation. 
Florida, however, ranks 50th in per capita spending 
for education. 



Background 

In 1975, our schools converted from Science: A Process 
Approach (SAPA) to SAPA II. While schools received equip- 
ment, most kits were left unopened and staff attitudes 
were largely negative or indifferent. Some of this could be 
attributed to the emphasis on reading and mathematics 
(the "back to basics" movement). Teachers felt overwhelmed 
and did not think they could manage a laboratory program. 

In 1977, the leadership in science changed at the district 
level. With this change, the science program took a new 
direction. The district identified problems in the science 
program, including negative attitudes, lack of time for 
teaching science, lack of teacher confidence with laboratory 
materials, and lack of teacher creativity and enthusiasm. 
The district then developed the following strategies to 
address the problems: 

• Use existing materials and resources as much as possible, 

• Use teachers, administrators, curriculum specialists, and 
university personnel in curriculum development to create 
"ownership." 

• Design training programs to give teachers help in their 
specific content areas. 

• Build flexibility into the program and provide a variety of 
experiences. 

• Establish a district steering committee. 

• Design a long-range plan. 

The Science Steering Committee, established in 1978 
and composed of curriculum specialists from eight groups 
of schools in the county, gave guidance and advice through 
1982. They helped develop an effective communication 
network in the schools and advised in the development of 
strategies and programs to create enthusiasm for science. 
Most notably, their input was instrumental in the devel- 
opment of Systems-Balance-Change (SBC), Science Con- 
nections, summer camps and specialization. 

Curriculum revision began in the summer of 1979. The 
expertise of H. Edwin Steiner and John Bullock, from the 
University of South Florida, was helpful in guiding this 
process. Major support came from L. H. Worden, general 
director of elementary education, the district staff, and the 
Science Steering Committee. 

Over three years the curriculum revision effort estab- 
lished the SBC curriculum. Some features of SBC are 

• Three nine-wee'-, units per grade level. 

• One nine-week unit for teacher-developed curriculum (to 
promote creativity, enthusiasm, and involvement). 

• Eight objectives and 17 lessons per unit. 

• Correlations to science texN and other subject areas. 

• Materials organized into a kit for each grade level by life, 
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physical, and Earth science umtb. 

• Line item ordering of consumables to prevent warehous- 
ing of unused supplies. 

• Student tracking cards. 

• Criterion-referenced tests for each unit. 

In 1980-81 we conducted a pilot study of SBC in five 
schools with 43 teachers to evaluate effectiveness of les- 
sons, teacher attitude, >nfidence of teachers with lessons, 
effectiveness of training, and quality and suitability of 
materials. 

The district Department of Testing and Evaluation de- 
signed an evaluation model for the pilot with three phases 
of evaluation. After each unit of instruction, all teachers 
were interv ; ewed. During 1980-82, the Department of 
Testing and Evaluation helped develop SBC test specifica- 
tions, unit testo, and test validation. 

A critical aspect of implementing SBC was the design of 
an effective training program for teachers, giving them the 
confidence to instruct the SBC units. The model that was 
developed identified teachers to be trained by grade level, 
required three full days of training with one day spent on 
each unit of life, physical, and Earth science, required pres- 
entation of each topic and set of lessons, and required 
teachers to work through each activity with the workshop 
leader, who modeled ways to deliver the lesson in the class- 
room. 

The district staff gave impetus to the implementation of 
SBC by supporting the funding request for teacher train- 
ing. This support has permitted a large number of teachers 
to be trained. 

Science Connections 

Concurrent with the development of SBC, Science Con- 
nections was initiated to promote, encourage, and create 
student and teacher enthusiasm for science. A K-12 Dis- 
trict Committee began setting guidelines in the fall of 1979. 
In May 1980, the first Science Connections D-y combined 
student projects, science Olympics, exhibits, demonstrations, 
and skits in three days of activities to bring schools and the 
community together. In 1984, Science Connections involved 
the county in two major events: the Hillsborough Regional 
Science Fair in March, and Science Olympics in May. Both 
events have grown remarkably over five years in both the 
number of schools participating and 'n the quality of stu- 
dent work. 

Summer Activities 

In 1982, the Science Steering Committee endorsed the 
concept of Summer Camps in Science. Tampa Electric ini- 
tially funded the camps, which give students and teachc s 
an immersion experience in hands-on science. Evaluations 
of this program have been consistently excellent. A state 
grant increased the number of camps from 10 in 1982 to 60 
in 1984. Camp instructors have become leaders in local 
science education, called upon to lead workshop? and serve 
on district curriculum committees. 

A marine science summer program for gifted students in 
grades 3-6 began in 1984. Each of the 14 teachers taught 
two sessions, each three weeks long, for four hours each 
day. The number of student registrations in the 1985 camps 
demonstrated a high level of student interest in this volun- 
tary program. 



Academic Gifted Program 

In January 1982, Frank Farmer, assistant superintendent 
for instruction, formed a committee to review the district's 
gifted program. The existing program, referred to as the 
Learning Center, emphasized enrichment. For one-half 
semester, students were bused to a certralized site one day 
per ^veek. After a year-long study, the district implemented 
a school-based program in grades 3-12 in matherm tics and 
science. Programs in each subject were designed to include 
sequential offerings in grades 3-12, accelerated study, ex- 
panded of topics, in-depth research, independent study, and 
a consistent system of access and evaluation for all stu- 
dents. The program has resulted in teachers of gifted stu 
dents serving as science resource people, the expansion of 
specialization to more schools, and an increase in time allo- 
cated to science in the basic program. 

Management and Organization 

Time and specialization are significant factors in the im- 
orovement of science in Hillsborough County. The concept 
of specialization was presented to the district staff with the 
implementation plan for SBC in 1980-81. This concept 
involves teaming teachers with either reading/language 
instructors or other math/science instructors. It targets 
specialization for the intermediate grades 4-6 as part of a 
long-range plan to assist teachers dealing with increasingly 
sophisticated curriculum in all subjects. The district staff 
approved the concept, but tew schools altered their self- 
contained organization pattern until the implementation of 
the gifted program in 1983-84. 

In the 41 schools currently following the specialization 
model, the following strengths for specialization have been 
identified: 

• Improved inservice training efficiency. 

• Fewer subjects a teacher prepares daily. 

• Improved cost efficiency (materials can be concentrated 
with teacher specialists). 

• Increased time in science. In September 1983, schools 
implementing the gifted program increased their science 
time to one hour per day. Under the direction of Dr. 
Worden, a committee was established in the 1983-84 
school year to review the district's redefined day sched- 
ule. The committee implemented new guidelines for aca- 
demic time allocations for all elementary schools for the 
1984-85 school year. The revised time schedule requires 
science daily, 30 minutes in grades K-3 and 50 to 60 
minutes in grades 4-6 



Hillsborough's Program 

SBC, the core curriculum of the Hillsborough science 
program K-6, is a locally-developed laboratory curriculum 
adapted from SAPA II. The curriculum balances content 
with process, giving equal representation to life, physical, 
and Earth/space sciences. SBC emphasizes activities that 
build problem-solving and critical-thinking skills while being 
consistent with research on teaching, learning, and child- 
hood development. The program gives students practice in 
the science process skills: observing, classifying, measuring, 
predicting, communicating, identifying variables, interpret- 
ing data, hypothesizing, experimenting. 
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The series of three nine-week units, developed by the 
district and taught at each grade level, gives students a 
balanced presentation of topics each year. All 93 elemen- 
tary schools in Hillsborough County are required to teach 
SBC as *he 27-week core program for science, K-6. 

The basic progra m has been expanded by textbooks, field 
trips, science fair projects, Science Olympics, the Academi- 
cally Gifted Program (AGP), and summer camps. Science 
fairs and science Olympics permit schools to focus on the 
application of science to the students' daily lives. Textbooks, 
media resources and field trips provide opportunities for 
students to learn the relationship between science and tech- 
nology and to develop awareness of careers in science. The 
AGP is a school-based program beginning in grade three 
with daily instruction in science and mathematics. Impres- 
sively successful in grades 3-6, this program is positively 
affecting the district's basic program. There are presently 
81 teacher units in the AGP in 59 schools serving approxi- 
mately 1,900 students. 

The goals of the Hillsborough elementary science pro- 
gram are to 

• Develop and apply critical-thinking skills. 

• Develop and apply problem -solving skills. 

• Acquire knowledge in the biological, physical, and Earth/ 
space sciences and an understanding of the impact of 
science on their personal lives. 

The objectives for the SBC units address these goals. 
Each unit has approximately eight objectives, making 24 for 
each grade lev<?l with unit lessons written to the objective. 
Each lesson in SBC gives maximum user success. Because 
of the time required to implement SBC (5 years), we selected 
experiences that would endure and relate to students now 
and ir the future. The durability of a hands-on program 
was a cost-effective reason for electing a laboratory pro- 
gram over a textbook program. 

Throughout the lessons in SBC, students use equipment 
and identify procedures to investigate a topic. For example, 
first graders develop procedures for comparing volumes. 
Second graders discover how to use a spring scale. Third 
graders develop tests for plant transpiration. Fourth grad- 
ers infer circuit board patterns. Fifth graders investigate 
levers and 6th graders develop tests for unknown gases. 

The Science Olympics provide excellent opportunities for 
creative problem solving. These competitions require stu- 
dents to design, engineer, construct, invent, estimate, and 
apply content and process knowledge. All events are judged 
on a quan*. . iable measure to determine winners. Kinder- 
garten students discover ways to construct the highest 
tower using milk cartons, 1st grade students estimate 
lengths of masking taoe in paper clip units, 2nd graders 
c 1 *ign planes to fly the farthest, 3rd graders engineer clay 
boats that will hold the mos f marbles without sinking, 4th 
graders design and engineer solar heaters to raise water to 
the highest temperature, 4th graders design and build the 
longest bridge they can out of a soda straws and masking 
tape, and 6th graders see who can make the longest canti- 
lever using soda straws and masking tape. 

The life science unit of the curriculum is sequenced so 
students learn about organisms, populations, communities, 
and ecosystems. For example, the 5th grade life science unit 
devotes attention to the impact man has on his surround- 
ings. Endangered species are a topic of special interest and 
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study with the fifth grade unit. 

Many environmental curriculum materials have been 
locally developed for teacher and student use. These mate- 
rials, very popular with teachers, enrich and extend the 
SBC curriculum. These materials help students gain greater 
knowledge of food chains, food webs, and the concept of 
interdependence. Also, field trips to district parks and en- 
vironmental centers give students a unique instructional 
experience to investigate organisms, communities, popula- 
tions, and ecosystems. Three representative trips are to the 
Busch Gardens educational program (a national SESE 
exemplar in 1983), the Museum of Science and Industry, 
and Nature's Classroom, which all 6th grade students 
attend. 

First-hand investigation is the foundation of the pro- 
gram. Whether determining the most effective fertilizer, 
the most economical battery or discovering the fat concent 
in beef (topics Hillsborough students studied this past year), 
students learn to draw conclusions and make decisions 
from their own collected data. The emphasis on conducting 
investigations and collecting data begins in kindergarten. 
Participation in science fairs, Science Olympics, and SBC 
focuses student attention on learning answers to questions 
about the phenomena that surround them. As students 
explore and seek greater depth in their investigations a 
variety of equipment is used, school and public libraries are 
visited and agencies and labs are contacted. Further, engi- 
neer and psychologists are interviewed and consulted to 
give information and suggestions on topics and procedures 
for students in their investigations. 

One day per week of the science time is designed for 
project instruction and research study, where students con- 
duct extensive, in-depth longitudinal investigations. The 
standard for these projects has progressed over the past 
five years to a high level of quality. Students realize, through 
the investigation process, that science is hard work and that 
one solution to a problem only leads to many other ques- 
tions to be investigated. One of the outcomes of student 
investigation is the pride and satisfaction that students take 
in their work. They enjoy telling about what they have 
studied. 

Weekly Schedule 

• SBC two or three days per week: teachers are furnished 
with Teacher Editions and are given three full-day work- 
shops by grade level to train them in the lessons and 
materials. 

• Textbooks one or two days per week, teachers are given 
ways of using adopted texts to augment SBC topics. 
Workshops on professional study days broaden teacher 
background knowledge and give them additional class- 
room ideas. 

• Projects and research one day per week: an instructional 
booklet "Great Investigations" gives guidance on how to 
do a science project. 

Materials 

The district recommends a ratio of one SBC kit to every 
three teachers. Some schools purchase additional kits to 
provide a ratio of one kit for every two teachers. The 
organization of the kit allows a teacher to have exclusive 
use of all materials required for a nine-week unit. There- 
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fore, three teachers can use the same kit and have adequate 
materials for their students. During the 1984-85 school 
year, we surveyed all schools to determine equipment needs. 
Based on the assessment, the district allocated $90,000 to 
purchase new equipment such as aquariums, microprojec- 
tors, microscopes, and models to support science instruc- 
tion. A variety of materials also reach the classroom as a 
result of summer science camps. Each of 40 camps received 
$1,300 worth of materials this past summer. 

Evaluation 

During the 1980-81 academic year, teachers in five ele- 
mentary schools throughout the county piloted SBC in 
order to determine its strengths and weaknesses prior to 
countywide dissemination. The Department of Testing and 
Evaluation also developed a three-phase evaluation proce- 
dure. 

A trained consultant conducted interviews with pilot 
teachers following the instruction of each unit. More than 
75 percent of teachers responded favorably to the units and 
reported that their students were enthusiastic about the 
curriculum. Only 6 percent of teachers responded 
negatively. 

Teacher training has been a significant component of 
program implementation. Workshops aie evaluated on a 
scale of 1 to 5 and teacher ratings range between 4.7 and 
5.0. Evaluations by the Department of Testing and Evalua- 
tion indicate that training has been a major factor in the 
success of SBC. 

Teacher training sessions emphasize the importance of 
helping students understand how science affects them in 
their daily lives. Instructors model strategies that will help 
teachers discuss and demonstrate the importance of science 
in and out of the classroom. 

To evaluate our students, the Department of Testing 
and Evaluation assisted in a test development project from 
1980 to 1982. The department provided technical assist- 
ance and support in clarifying objectives, writing item spec- 
ifications, editing and revising items, illustrating and as- 
sembling the tests, pilot testing each exam, checking results, 
revising inappropriate items, and field testing on a pre-test 
and post-test basis. Our tests are based on objectives stated 
in each unit of SBC and measure rr tstery of facts and 
concepts within a particular unit. After an extensive devel- 
opment process, 18 tests were evaluated by administering 
the tests to a sample c ( "tudents before and after instruc- 
tion. Mean scores for overall tests, along with difficulty 
values for each item, were derived. 

Pretest scores indicated that 1st and 2nd grade unit tests 
were relatively easy, particularly in the area of physical 
science. Based on this finding, these tests were extensively 
revised. Unit tests at other grade levels underwent minor 
revisions. * 

Academically Gifted Program 

In 1983-84, the Department of Testing and Evaluation 
appraised the degree of implementation of the AGP. Eva- 
luation of the program was based on three things: examin- 
ing input and process variables, producing a data base, and 
a feedback mechanism for program decision makers. 

The evaluation information was shared with program 
developers so they could make well-informed decisions 
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about what the program needed and where it should go. 

The annual evaluation report of AGP presents a project 
history and description, explains the evaluation methodol- 
ogy, summarizes results of the program evaluation, and 
offers conclusions and recommendations for program 
improvement. 

Three evaluation cycles were planned for the elementary 
AGP during the 1984-85 school year. A formative Cycle II 
gathered observations, interviews, and other background 
and implementation data. A preliminary summative Cycle 
(III) gathered program effect data, and a summer Cycle (IV) 
gathered descriptive information about summer offerings. 

Classroom observation data from Cycle II evaluation 
reported that almost one-half of science activities involved 
knowledge or comprehension, and about 30 percent required 
students to apply acquired skills. Analytic thinking was 
required in 10 percent of all science activities. Synthetic or 
evaluative t 1 inking was required in 14 percent of all ob- 
served science activities. 

In the 1985 AGP Cycle III Evaluation, the Ross Tests of 
Higher Cognitive Processes (1976) were used to measure 
higher level thinking skills of AGP students. The Ross Test 
was administered to the stud^r.^ in April :985 and showed 
first and second year AGP students scored at or above the 
^Oth percentile rank. 

The science sub-test of the Sequential Test of Student 
Progress (STEP) was used to assess AGP students' knowl- 
edge of science content. The tests for grades 3-6 cover 
basic concepts in biological, physical and Earth/space scien- 
ces. 

Evaluation is an integral on-gomg process in the devel- 
opment of the Hillsborough elementary science program. It 
has proven to be invaluable in guiding needed program 
improvements. 

Plans for Improvement 

One of the most difficult elements in the program is 
maintaining the quality of materials supplied with the kits. 
Even with a per student cost of $1.65 annually, each year 
brings new and old problems. Materials arrive late, substi- 
tute materials are sent, or the materials are defective. To 
combat this problem, training sessions suggest ways 
teachers can use readily available classroom materials to 
teach curriculum concepts. Patience and perseverance are 
the key to success with this problem. 

Classroom design is another area for improvement. 
Slant-top desks, for example, inhibit hands-on laboratory 
science. Incorporating elementary science labs into new 
construction is one way to address the deficiencies in class- 
room design. Future plans include greater specifications for 
developing elementary science labs. Currently, new schools 
are installing science labs for the gifted classroom, and 
classroom design is improving. 

To sustain the program's vitality, we find several ele- 
ments to be successful. First, teachers should be involved in 
science through training opportunities such as SBC train- 
ing, (we trained 1,887 through 1985), professional study 
days in science (we offer 15 or 20 each year on activities, 
investigation, etc.), state conferences, institutes, and sum- 
mer instruction. 

We also review our curriculum regularly and systemati- 
cally to ensure that materials are current and responsive to 
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research. The district is in the process of completing a 
second edition of SBC, reflecting considerable growth since 
the beginning of SBC in 1979-80. The second edition will 
include support for meeting ihe state objectives and stand- 
ards of excellence in science, more emphasis on interactions 
of science, technology, and society, and more emphasis on 
how science affects students' lives. 

A third element to ensure a successful program is the 
involvement of teachers in curriculum decisions. Giving 
teachers the feeling of "ownership" in the program through 
participation in v/riting teams and review committees 



maintains their enthusiasm and advocacy for science in- 
struction. 

Hillsborough County has a history of commitment to 
quality science education. Many individuals (students, 
teachers, staff, administrators, university consultants) share 
pride in the impressive gains achieved thus far in science 
excellence. However, a goal that has not yet been attained 
is to have effective science instruction every day for every 
student. Striving to attain this goal and to provide students 
with a high quality science program is a continuing effort in 
Hillsborough County. 



ERLC 



27 



25 



Chapter 6 
Teaching Basics 
for the 21st 
Century 

Rosemary Ptarson 
Berwick Alternative School 
2595 Scottwood Road 
Columbus, Ohio 43209 



School: Berwick Math/Science/Environmental Studies 
Alternative School (18 staff; 360 students) 
Location: Columbus, Ohio (pop. 565,000) 
District: Columbus Public Schools (86 elementary 
schools; 1,065 staff; 32,920 students K-5) 

Berwick is located in a residential neighborhood on 
the east side of Columbus. Approximately half of the 
district's students are members of minority groups. 
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History 

Locally, the movement toward alternative schools began 
in 1°72, when we adopted the Columbus Plan to address 
the problems of segregation. As part of the plan, five alter- 
native schools were established. In 1979, Columbus Public 
Schools faced court-ordered decegregation. In 1982, in 
response tc a school levy campaign, three new alternative 
schools were proposed. Each new school would have a spe- 
cific and different curriculum focus. Parents would submit 
applications for particular schools through a city-wide lot- 
tery process, ensuring a racially-balanced student body. 
The levy campaign was successful, making Columbus Pub- 
lic Schools the first urban public school system in the coun- 
try to pass a school tax issue while under court-ordered 
busing. 

The dream of an elementary school in Columbus that 
emphasized math, science, and environmental studies be- 
came a reality in the fall of 1982. The concept was consist- 
ent with and supportive of our growing technological 
society. Research indicates that we must return to the bas- 
ics, but the "basics" of the 21st century are not only read- 
ing, writing, and arithmetic. The new "basics" must include 
communication and higher problem-solving skills, as well 
as scientific and technological literacy— thinking tools that 
will allow our children to understand the technological 
world. 

During the spring of 1982, a principal and a resource 
teacher (who would assist with program planning and cur- 
riculum development) were chosen for the new school, and 
42 teachers were interviewed for the 14 positions. 

Columbus Public Schools devoted considerable time to 
planning and inservice training, bringing in consultants 
from the school system and local universities, and forming 
a steering committee to develop plans for building changes, 
staff inservice and selection of educational materials and 
equipment. 

Berwick Math/Science/Alternative Studies Elementary 
School opened in September 1982 with 415 K-5 students. 
There were two to three self-contained classes at each 
grade level. 

Our Program 

Berwick emphasizes science process skills. Students learn 
to understand the natural and man-made environment in 
the classroom and on the playground. They do this with 
resident camping programs in grades 1-5, visits to Spruce 
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Run (Columbus Public Schools' environmental center), and 
other varied programs and trips. Each classroom has a wide 
variety of plants and animals which provide opportunities 
to learn observation and proper care. 

Our philosophy is dynamic. It fits the needs of boys and 
girls in our multi-ethnic society while adhering to the cur- 
riculum prescribed by the Columbus Board of Education. 
We want our school to provide opportunities in a whole- 
some surrounding for each child to fully develop skills and 
talents. We emphasize math/science/environnental studies 
to help each child grow academically, morally, socially, and 
to become a contributing member of society. 

We view science and environmental studies as the inves- 
tigation of our natural environment. The body of knowl- 
edge in science results from studying the physical world 
and the interactions of all things. We feel that science plays 
an important role in all human activity. 

We believe our curriculum needs to be integrated to help 
children live more richly and effectively while preparing 
them for the rol? they are to play in our society. It must be 
based on the needs, interests, and creative abilities of our 
children, providing enrich mer * opportunities for group liv- 
ing and the development of human relationships. It should 
help children to think, to solve problems on their own, and 
then to apply their solutions to everyday life. 

Our Teachers 

Berwick teachers believe in inquiry-based science educa- 
tion. We use hands-on experiences, demonstrations, dis- 
covery learning, and field studies. Students should have 
knowledge of the major concepts of science and be able to 
apply them; they should use the processes of science in 
solving problems and making decisions; they should under- 
stand the partnership of science and technology; they should 
develop skills that will enable them to function effectively 
in career and leisure activities; they should develop atti- 
tudes compatible with conservation. Most important, we 
want our students to develop interests that will lead to a 
richer, more satisfying life. Science and the study of our 
environment can be a life-long quest. 

Within the limits of time, each teacher at Berwick 
attempts to provide a daily hands-on science experience for 
eacn student. We use bcience Curriculum Improvement Studx 
(SCIS), Elementary Science Study (ESS), Outdoor Biology Instructional 
Study (OBIS), Educational Resources Information Center (ERIC), 
textbooks, publications such as Science and Children, and 
tradebooks as resources when planning for instruction. We 
integrate math, reading, language arts, art, and physical 
education into the science program. 

Berwick's teachers are facilitators of learning. They 
stimula f e and encourage children to look at things in new 
and uriJsual ways. Each teacher plans a science program, 
but grade levels also work as teams in planning and imple- 
menting programs. The staff makes curriculum decisions 
together. 

Berwick teachers are creative and innovative. Dedicated 
and hard-working, they spend many hours at workshops 
preparing themselves tor implementation oi Berwick's goals. 
Teachers received Ohio State University credit for a course 
designed to help prepare for residence camping. They par- 
ticipated in workshops on learning styles, problem solving, 
nutrition, campfire programs, etc. 
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The School Environment 

We have created an environment conducive to inquiry. 
In any given classroom there may be a rabbit, a guinea pig 
family, tropical fish, hissing cockroaches, a newt, and para- 
keets. Students nurture and care for these animals. We 
provide a stress-free environment for each pet. Animal 
behavior, genetics, nutrition, and reproduction are obvious 
topics for disco /ery and research. Students also raise mice, 
mealworms, crickets, and goldfish as food for other anim- 
als. Birth, illness, care, and death are realities at school. 
Children discuss these topics naturally, without embarrass- 
ment. Animal studies are extended by visits to the zoo, 
animal shelters, environmental centers, and veterinarians' 
offices. 

Each classroom has plants. In addition to decorating the 
room, they provide a basis for the study of propagation, 
disease, environments, and horticulture. Soms classes raise 
herbs while others grow vegetables or tree seedlings. Our 
playground is a much-used location for environmental 
experiences. Teachers may plan a square-foot study, an 
insect walk, or an unnatural hike. Classes observe birds and 
make leaf collections. They study simple machines used in 
playground equipment. They plot temperatures and exam- 
ine their adopted tree. The playground becomes a class- 
room for population studies of dandelions; leaf and bark 
studies; erosion and reclamation studies. These inquiries 
lead to trips to a conservatory, city parks, and our environ- 
mental education center. 

Classrooms have learning centers where children can 
investigate and wonder. A pendulum, bulbs, batteries, or 
measuring sticks may stimulate much creative thinking, 
problem solving, and inquiry. Children are encouraged to 
write about their observations; many keep logs. A variety 
of reading material is available both for casual reading and 
research. 

Each child at Berwick does a project for our annual 
science show. Younger children often do demonstrations 
and display collections. Older children learn to develop a 
hypothesis and test it. They write up therr -*»search, make a 
display, and share their findings with others. 

Our environmental program is one of the most exciting 
components of our science curriculum. Each class does 
many activities on our playground and at various parks in 
Columbus. One of these is Spruce Run. Spruce Run, 
Columbus Public Schools' environmental center, is a 50- 
acre natural site on the outskirts of the city. Robert Patton, 
an Ohio State University professor, gave it to the Colum- 
bus Public Schools in 1974. He wanted the site to be kept in 
its natural state and to be used by children. Prior to 1982, 
few school groups used the site; there was no naturalist 
nor any inservice training for teachers. Better use of Spruce 
Run was one of the goals of the school administration 
when Berwick's environmental emphasis was chosen. 

Once the site began to have more enthusiastic visitors, 
the school administration developed plans for a classroom 
module. Now, two mobile classrooms have been trans- 
formed into a rustic-looking building with two rest rooms, 
office, storage closet and a large classroom. Berwick teachers 
developed a field trip guide to assist other schools that 
wanted to use Spruce Run. The guide includes a history of 
the site, philosophy of use, rules, and a variety of field- 
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tested activities. Berwick's resource teacher conducts 
training sessions several times a year at Spruce Run. Inter- 
ested teachers ran receive orientation at the site, participate 
in some typical student activities, and take the guide home 
for further reference. 

Each Berwick class visits Spruce Run three or more times 
a year. Throughout their six years at our school, students 
observe chang?s that occur in the stieam, woodlands, pond, 
and succession plot at Spruce Run. So students can be 
divided into small groups, parents and volunteers help witn 
teaching. A typical day for a 1st grade group might include 
a hike, a rotten stump study, stream studies, an art activity, 
and predator-prey games. Children use all their senses in 
their investigations. Although it is not a primary goal, they 
learn some plant and animal identification. We try to foster 
attitudes necessary to preserve the environment. 
^-Spruce Run is also the site of our family picnics on early 
fall evening*. Families from all over town meet each other 
and soon become friends. Other picnics are held in the 
spring as a way for teachers to say "thank you" to suppor- 
tive families. Some classes even spend the night at Spruce 
Run. First graders sleep on the floor in the building; 5th 
graders pitch small tents. 

Berwick students begin resident camp experiences in 
kindergarten with a day camp at Camp Mary Orton. Each 
class at Berwick, beginning with 1st grade, goes to a resi- 
dent camp at least one night a year. First graders go to 
Spruce FUin and Camp Akita; 2nd graders to Willson Out- 
door Center; 3rd g.adersgo to Camp Ohio. Fourth graders 
spend two nights at Lutheran Memorial Camp. Our 5th 
grade classes have a four-day fall experience which includes 
one night at a primitive outpost at Camp Ohio and a two- 
day winter experience at Camp Templed Hil!s. At resident 
camps the children have first-hand experiences in different 
outdoor environments. They grow and develop as they 
participate in real-life activities away from home. !n addi- 
tion to learning about the environment through a hands- 
on approach, our resident camp teaches community living 
skills and group cooperation. Children develop skills in per- 
sonal and social adjustment and strengthen interpersonal 
relationships. 

Some camps provide staff to help with programs; at 
other sites, Berwick teachers and volunteers do it on their 
own. Teachers receive no stipend for participating in this 
program. A recent 5th grade experience at a Nature's Class- 
room site included an environmental hearing, a night hike, 
a student variety show, and classes in geodesic-domes, wild 
edibles, bridge building, dissection, winter weeds and many 
other topics. 

Resources ai J Support 

Berwick School has 20 Apple microcomputers. Students 
learn to program with LOGO and BASIC, developing prob- 
lem-solving skills. Older students learn the basics of word 
processing. Now, many students use a word processor to 
write their science research. Science simulation games such 
as Odell Lake and Oregon Trail are popular. Software is availa- 
ble for specific topics such as the brain and astronomy. 

Speakers and field trips enrich the science program. While 
studying water, a class might visit a water treatment plant, 
probe a nearby pond, or hear a speaker on water purifica- 
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tion. These activities would be in audition toclass work and 
outdoor work on water testing, water scopes, sinking and 
floating in fresh and salt water, dissolving various mystery 
powders, absorption of towels, etc. To learn about water, 
the child needs to have many experiences with it. 

Many resources are available to both students and 
teachers. In addition to thousands of volumes in our Library 
Learning Center, we have an extensive library in our re- 
source lab. Many texts are available, including the 1980 
Holt Elementary Science textbook series and the 1987 Silver 
Burdett Elementary Science Program. Both texts are used 
by teachers and students as a resource — not as a teaching 
guide. 

Berwick's resource lab houses many materials which make 
it easier for teachers to initiate hands-on exper' ^nces. Bulbs 
and batteries, chemicals, beakers, petri dishes, compasses, 
magnifying glasses, materials for sink and float activities, 
solar-powered devices, and microscopes are just a few of 
the items readily available. The lab also stores food for 
animals along with aquariums and other animal supplies. 

The Berwick staff worked cooperatively to write our 
science scope and sequence. We emphasize life science in 
the fall, physical science in the winter, Earth science in the 
spring. The scope and sequence is a suggested starting 
place for each grade level so that topics are not overlooked 
or repeated unnecessarily. It is much like a road map— we 
know where we are going and where we have been but we 
are free to make extra stops along the way. 

Students are active participants at Berwick School. They 
have many opportunities to explore manipulative materials 
as well as their natural environment. Abundant experien- 
ces provide for growth in problem solving. 

Fourth and 5th graders participate in the Young Experi- 
mental Scientist Program at the Center of Science and 
Industry. While there, they participate in a variety of hands- 
on workshops, and share the ideas they learn with o'' er 
classes at Berwick. This gives students the chance to expe- 
rience the role of teacher. Some children help with out- 
reach programs in which they share classroom pets with 
children at other schools. 

Berwick's program is supported by a staff of 14 teachers, 
one resource teacher, a principal, secretary, library aide, and 
a half-time aide. This small paid staff could never imple- 
ment such an energetic program alone. We have the sup- 
port of one of the largest PTA's in the city— a membership 
of approximately 600. Each spring at our volunteers' lunch- 
eon we honor over 200 volunteers. These volunteers make 
the difference between good and e/cellent programs. 
Volunteers help gather materials for centers and experi- 
ments, help supervise hands-on lessons, teach classes at our 
nature center and at camp, assist with computers, coordi- 
nate fund-raisers ... the list is endless. 

To supplement limited board of education funds, we 
have three fund-raisers each year: a coupon book sale in 
the fall, cheese and sausage sale in December, and a candy 
sale in the spring. About $8,000 helps defray student camp- 
ing fees while another $6,000 provides teaching supplies, 
computers, and other school needs. This school year our 
Board recognized the major expense of our large animal 
population by granting $1,000 a year to help defray animal 
expenses. This will supply approximately 40 percent of our 
actual need. 
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Evaluation 

At Berwick, we evaluate students formally every nine 
weeks. Grades are earned in "science" and in two subhead- 
ings of science: "uses the skills of science in investigating 
problems" and "understands important science concepts." 
Columbus alternative schools have the option cf writing 
their own report cards, but our staff felt it prudent to work 
on our program before changing our reporting tools. We 
will consider a report card more specific to the goals and 
objectives of Berwick in the near future. 

Students are evaluated daily in an informal manner. 
Teachers observe students as they work on experiments 
and projects, seeking evidence that they understand science 
concepts, perform the operations of science, and acquire 
desirable behavioral outcomes. Teacher-made paper and 
pencil tests also are administered. Throughout, students 
are evaluated on their ability to apply information and 
explore its applications. Children write about their expe- 
riences. They graph the results of their experiments. 

All 4th and 5th grade students in Columbus Public 
Schools take California Achievement Tests in reading and 
mathematics each spring. Berwick students have consist- 
ently had the highest or second highest scores of any school 
in the district. (Remember, Berwick students are not chosen 
by ability but are selected through a city-wide lottery.) 

Evaluation of a program is vital to teaching and learning. 
In addition to the evaluation that is naturally done through- 
out a school year, the Berwick staff has taken a day each 
spring to evaluate and recommend changes. Evaluation 
goes hand-in-hand with change. The science scope and 
sequence was written as a result of one session. Staff 



development on computers was planned after another 
evaluation. 

The Berwick staff works in committees to plan programs. 
Each group works to determine their successes and fail- 
ures, and then plans accordingly. We have committees for 
each of our special emphasis areas — math, science, and 
environmental studies. Other groups deal with assembly 
programs, fund raisers, and future events. 

Plans for Improvement 

Berwick School is constantly changing, developing and 
growing. No exemplary program can remain static. We are 
always looking for outstanding programs and good sources 
from which to draw ideas. 

One of the areas we would like to strengthen is our 
relationship with Ohio State University. After taking 
courses at Ohio State and working with OSU participants 
and student teachers, we would like to do more long-term 
planning with the university. 

Our school is located on a large field. We have started to 
develop a land lab on the site. We are now working with 
the Franklin County Soil and Water Conservation District 
to develop a master plan. We hope to add larger gardens, a 
rock pile, a succession plot, a swamp area, a sensory garden, 
and a prairie to our land lab. We are finishing raised herb 
and flower gardens next to the building and have enlarged 
our vegetable plots so that each grade has its own space. 

Berwick's alternative program is successful because of 
the joint efforts of the Board of Education, administration, 
faculty, students, parents, and friends. It works and will 
continue to do so. 
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Chapter 7 

Integrating 

Science With 

Other 

Curriculum 

Areas 

Na^cy Romance 
Broward County Schools 
6650 Griffin Road 
Davie, Florida 33314 



School District: Broward County Schools (97 elemen- 
tary schools; 3,096 staff; 80,000 students K-6) 
Location: Davie, Florida (County pop. 1,000,000) 

Beautiful weather year-round makes outdoor learn- 
ing here viable and popular. The primarily high-tech 
business community is sound, with little unemploy- 
ment. Classroom science teachers have little or no 
special science education. 



We designed the Broward County Elementary Science 
Program with the belief that science is a vital part of child- 
ren's education. Content is no more important than the 
processes students use to find information and solve prob- 
lems or apply ideas and facts to the real world. Further, 
science can be used to integrate the skills of reading, writ- 
ing, and mathematics. Science is also a forum for pupils to 
ask questions, offer ideas, and investigate topics of individ- 
ual interest in a non-threatening, non right-and-wrong 
classroom environment. 

The program goals include increasing children's aware- 
ness of the world around them and of ways to discover that 
world, developing cognitive skills, and instilling an apprecia- 
tion of the beautiful in nature. 

Curriculum 

While developing our curriculum, we studied textbooks 
to determine the organization of content and process at 
particular grade levels. A review of current literature and 
research findings such as Project Synthesis and What Research 
Says to the Science Teacher (NSTA 1978-1984) sparked good 
discussion. 

We designed elementary science curriculum guides over 
several years with input from teachers from a wide cross- 
section of schools. The guides include specific instructional 
units covering topics in life, physical, and Earth/space sci- 
ence. Units include the identification of concepts and related 
objectives. They suggest activities which allow teachers to 
incorporate the processes of science into teaching science 
concepts. Each grade level features an introductory unit 
designed to familiarize teachers and students with science 
process skills which can then be used throughout the year 
as needed. 

The program objectives identified in the curriculum guides 
correlate with recent state initiatives mandated by the Flor- 
ida legislature. These include the State Standards and Skills 
of Excellence in Science and the State Minimum Student 
Performance Standards in Science. Additionally, the science 
objectives correlate with the district's basal reading series to 
illustrate the fact that science can be taught in an interdis- 
ciplinary fashion. 

Evaluating student mastery of program objectives and 
minimum basic skills for each unit is done through cri- 
terion-referenced examinations. Teachers trained in item 
writing strategies developed these exams, which have been 
validated over a two-year period. Teachers also assess stu- 
dent performance using observation and successful com- 
pletion of activities and projects. 

One useful development is the "Microscope Handbook" 
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for elementary teachers. The book helps familiarize teachers 
with this vital tool, so they can provide an effective learning 
situation for their students. 

Curriculum Implementation 

Once we developed the curriculum, we had to train 
teachers to use it effectively. We began with large, district- 
wide workshops, followed by smaller ones at the individual 
schools. Because large systems have considerable teacher 
turnover, the implementation phase is continuous. Special 
summer institutes funded by the state have given vs the 
luxury of training many elementary teachers for three full 
weeks at a time. During the last summer institute, elemen- 
tary teachers heard lectures by a university elementary 
science educator in the west, a creative elementary class- 
room teacher, an environmental science teacher, and a 
computer teacher who showed the teacher participants 
how to integrate computers into the science program. Each 
teacher was also evaluated on a pre- and post-diagnostic 
examination, and each had to teach a full science lesson in a 
clinical setting for further evaluation, a first for most. For 
some it was also the first time that the instructional strate- 
gies used in the delivery of their lesson were objectively 
critiqued. 

Participants in the summer institute received a salary for 
their attendance. 

Curriculum Evaluation 

The elementary science program is evaluated formally 
and informally. Informal observations are made on a daily 
basis as representatives of the area curriculum staff and the 
district's science staff visit schools and teachers. Many visits 
take the staff right into the classroom to work with students. 

Formal evaluation takes place in a variety of formats. At 
the school level, administrators evaluate teachers in the 
classroom and review lesson plans. Administrators, in turn, 
are evaluated in terms of compliance with policy, which 
further helps to ensure that each school is teaching science. 

Criterion and norm-referenced examinations evaluate 
student progress in terms of local and national parameters. 
The science supervisor assesses the test data to determine 
student achievement, school profiles, curriculum effective- 
ness, and district gains over the last few years. The dcta has 
helped us identify areas of strength and weakness. Science 
items on district-developed tests have been analyzed and 
revised as needed. Each school also has a scanner that not 
only grades tests but also provides immediate item analysis. 
Such instant feedback is useful to the classroom teacher. 

Elementary science will soon become part of the State 
Assessment Testing Program that has been in place for 
reading, writing, and mathematics for the past eight years. 
Student mastery of the minimum objectives in science will 
affect promotion /retention at grades 3 and 5. 

Resources 

Four years ago, we had virtually no resources for ele- 
mentary science. Today the situation is vastly improved. 
Elementary science textbooks are available for every stu- 
dent, and every school received a minimum of $8,000 wo^th 
of science equipment and supplies as part of a district wide 
effort. First, we developed a basic equipment list for ele- 
mentary science, matched to the facilities suggested in the 



curriculum guides and in the textbook series. We then 
decided all schools should have certain basic apparatus, 
including 10 monocular microscopes with built-in lights, 10 
stereomicroscopes, (all microscopes are of high school qual- 
ity), a microprojector, an incubator, animal cages, triple 
beam balances, and a planetarium. Each school then used 
its remaining funds to select items from the basic equip- 
ment and supply list. The district Superintendent approved 
the purchasing first, and then the school board. 

Now the equipment is being used more in some places 
than others. When asked, teachers tell us that because of 
their meager background in science and their inexperience 
in handling equipment, they do not feel comfortable using 
some material in the classroom. This has prompted the 
science department to organize training for teachers in 
handling and using basic science apparatus. Teachers who 
attend these workshops— paid for by inservice funding— 
say they use their equipment more. 

Science Fair 

Perhaps the most successful addition to the science pro- 
gram has been the Elementary Science Fair. To date, some 
86 public and private elementary schools participate in the 
fair, which functions on the belief that children can learn to 
identify and solve problems using the scientific method. 
Rather than stress a win-lose philosophy, the district has 
spent hundreds of hours training teachers in the process of 
problem-solving in science. Teacher workshops abound. 
Teachers have an opportunity to see samples of individual 
and class projects. The net effect has been that thousands 
of children are learning how to identify and solve problems, 
and hundreds of teachers are no longer thinking that a 
volcano model is a good a science project. 

We hold the elementary science fair in a regional shop- 
ping center where hundreds of people can see the projects, 
and other children who have not participated can begin to 
learn what the science fair is all about. The science fair 
culminates in an awards ceremony where parents, grand- 
parents, and siblings can enjoy and recognize accomplish- 
ments. The community provides judges for the fair, and 
awards and recognition for both students and teachers. 

Each year, teachers who have demonstrated extra effort 
and initiative are recognized for their contribution to science 
education. For some teachers, it is the first time they have 
received recognition for their efforts. Frequently, adminis- 
trators are also recognized for fostering an environment 
that allows science to truly blossom. The letters of appreci- 
ation received from the recipients attest to the real need in 
education to do more of this kind of thing. 

Other Features 

The ^ience program is not limited to classroom activi- 
ties. Several other components have increased interest in 
elementary science as well. 

Elementary staff members are attending grant writing 
workshops in an effort to obtain more environmental mini- 
grants from the state. As a result, more schools are receiv- 
ing grants and building on-campus outdoor centers. Our 
principals share their accomplishments at administrative 
conferences and some have received the state's Little Red 
Schoolhouse Award for their accomplishments. This is a 
refreshing change from administrators boasting about bud- 
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gets or athletic competitions. 

The Week of the Ocean School Marine Fair, held in a 
regional shopping center, gives students an opportunity to 
explore the ocean and related topics through arts and crafts, 
poetry, science projects, photography, and even salty satire 
and cartoons. 

Our science staff is always looking for timely, district- 
wide activities that will motivate teachers and students. 
Examples include Halley's Comet workshops and materials, 
and classroom presentations by NASA, Florida Power and 
Light, and the Discovery Center. Students also take field 
trips to the Florida Keys where they spend several days 
exploring the flora and fauna of the oceans and surround- 
ing land areas. 

The district has a portable science classroom, where we 
hold teacher workshops and show models of mini-science 
centers, bulletin boards, and ideas for science activities for 
teachers to incorporate into the classroom. One need only 
visit a school supply store to confirm the void of commer- 
cially prepared materials in the area of elementary science, 
and reaffirm the importance of such creativity and 
resourcefulness. 

Staff Development 

The district receives funding from the state to provide 
extensive staff development for teachers and administra- 
tors. In addition to the district initiated workshops, schools 
have individual inservice budgets that allow them to offer 
workshops suited to their specific needs. The budgets can 
also employ elementary science consultants to work with 
teachers. Administrators have an opportunity to attend dis- 
trict, state, and national academic conferences. 

Special administrative workshops help foster the devel- 
opment of elementary science. "The Principal Makes the 
Difference" was the theme of our most recent workshops. 
Principals worked in small groups, held lively discussions, 
and addres \1 individual concerns. The workshops focused 
on ways of overcoming stumbling blocks in science educa- 
tion, and principals identified specific strategies which could 
foster quality science in their own school. (After all, if he or 
she had never seen a quality elementary science program, 
how would a principal know if their individual school is 
doing all it could?) These efforts have had more impact on 
the growth of elementary science than anything else we 
have done. 



How Did We Get There? 

The^growth of the elementary science program in Bro- 
ward County Schools did not happen ovei night. A combi- 
nation of planning and action, on many fronts at the same 
time, have brought us over the years to our curr°nt star is. 
Communication was one of the most critical aspects: keep- 
ing people informed, helping them understand the nature 
of elementary science, and providing them with the infor- 
mation and ideas necessary to implement an elementary 
science program in their own schools. After all, when the 
district person leaves and the teacher's door closes, what 
goes on in the classroom is what makes the difference. 
That is why it is essential to ..ivolve teachers and adminis- 
trators from the beginning. Visibility to parents is also 
important. Their support is essential, and usually quite 
gratifying when they see the changes actually taking place 
in both the school and the child. District advisory commit- 
tees and parent/teacher groups should be invited to partici- 
pate in the elementary science program whenever possible. 

Individual schools annot do the entire job. District sup- 
port in the form of a science curriculum professional is a 
necessary corollary to implementing a quality elementary 
science program. Our district effort also helps us to identify 
stumbling blocks to elementary science and to implement 
the strategies necessary to overcome them. 

Plans for Improvement 

While elementary science is alive and well, much remains 
to be done in order to provide quality instruction to all 
students and further enhance the learning environment of 
the classroom. As before, this will require further planning, 
expertise from within and outside the district, and general 
enthusiasm for elementary science at the school, district, 
state, and national levels. The energy, effort, and strategic 
planning that have gone into the development and con- 
tinuance of our elementary science program cannot be 
slowed down. They can only be redirected as needed, into 
areas sach as staff development, resource identification and 
acquisition, evaluation of student achievement, successful 
school programs, effective principals, and overall interest in 
science in the schools and in the community. 
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Chapter 8 
Tanglewood 
Kindergarten 
Science Program 

Mary B. Bellanger and Charlanne C. Cress 
Tanglewood Elementary School 
9352 Rustling Oaks Drive 
Baton Rouge, Louisiana 70811 



School: Tanglewood Elementary (28 staff; 400 stu- 
dents) 

District: East Baton Rouge Parish (66 elementary 
schools; 1,500 staff; 27,522 students K-5) 
Location: Central, Louisiana (pop. 23,000) 

The population of this Baton Rouge suburb is pre- 
dominately white, middle-class, and protestant; many 
are employed by the local petroleum industries. The 
school population, however, is 51 percent black and 
49 percent white. 
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Philosophy and Goals 

Our primary goal is to encourage children to see and 
explore relationships by making observations and discover- 
ies about the environment. Our kindergarten science pro- 
gram encourages use of all the senses through a hands-on 
approach. 

Our discovery center, a permanent area in the class- 
room, is easily accessible to all students. The center looks 
inviting because it capitalizes on children's interests. Mate- 
rials and units of study reflect life's on-going and current 
happenings and are assisted by permanent discovery mate- 
rials such as balances, magnifying glasses, magnets, rulers, 
rocks, and shells. 

Our kindergarten science program begins with children 
as they discover themselves in their environment. Imme- 
diate interest in themselves allows us to introduce our unit 
on the senses. Our children recognize immediately that 
they can discover a wealth of information by using their 
own sensory skills. The students are encouraged to work in 
the discovery center. Teachers ask open questions, en- 
couraging interest in the world. This is the beginning of a 
continuous process. 

Background of Kindergarten Science Program 

In 1979, two kindergarten teachers who saw the need 
for nurturing children's scientific questions and inquiries 
developed our program. Earlier kindergarten science pro- 
grams were merely teacher "show and tell" with no input 
from students. Kindergarten children did not reach their 
own conclusions. Instead they were shown, step-by-step, 
materials, procedures, and conclusions. Our inspiration for 
developing a kindergarten science program based on dis- 
covery through the senses came from our observation of 
how four- and five-year-olds learn. A child sees that two 
leaves are alike because they are the same color. A child 
hears that two sounds are different because one is loud and 
one is soft. A child feels that a needle is sharp. Using the 
senses is fundamental to learning and should be emphas- 
ized at an early age. 

Kindergarten Science Rationale 

Our kindergarten science program bases its learning on 
discovery and well-organized teacher-student interaction. 
Teachers provide a wealth of pictures, charts, books, and 
materials, such as a pan of water to discover what sinks or 
floats, magnets to discover what will be picked up, bird 
nests to determine their structure and materials, scales for 
weighing items, skeletal bones for classification, and rocks, 
shells, leaves, and any item a student might bring to share. 
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Nature of the Program 

All aspects of a total kindergarten curriculum can be 
found in our kindergarten science "ogram. We stress the 
eight basic science skills: obsen inferring, classifying, 
using numbers, measuring, , space/time relationships, 
communicating, and predict! So that nc science unit is 
taught in isolation, all science discoveries are correlated 
with reading readiness, math readiness and creative art 
activities 

While discussing the dentist, children discover the effects 
of sugar on teeth. We place a real tooth in a container of 
cola and another in a container of clear water. After several 
days someone discovers something has happened to the 
tooth in the cola. Through guided questioning, the child 
infers cola is not healthy for teeth. We have the children 
bring their own toothbrushes and toothpaste for daily den- 
tal hygiene. 

Finger paints and water colors are primary art media for 
all kindergartners. While exploring primary colors, children 
discover they can make the secondary colors. Bottles of 
food coloring with droppers are added to the discovery 
center along with baby food jars of clear water. By mixing 
drops of food color to the water, new colors are discovered. 

A study of firefighters is always fascinating to kinder- 
gartners. The benefits and dangers of fire are an integral 
part of our study. By allowing children to build a fire in our 
playground sandbox, they discover the components neces- 
sary for a fire. Again, teachei -guided questioning helps 
pupils to infer that by taking away any one of the compo- 
nents, a firecannct exist. 

Skeletons, ooh, how frightening! But are they really? We 
all have one. We have discovered Halloween is the ideal 
time to let the students discover that most familiar crea- 
tures have skeletons. Real X rays of people are added to the 
discovery center along with a real deer leg bone. Before we 
realize it, the discovery center is covered with bones brought 
from home. Students begin measuring and weighing bones, 
comparing sizes, shapes and colors, and even locating where 
an individual bone is in their own skeleton. 

From these bones, we later move to a study of dinosaurs. 
Dinosaurs become realistic to the class as we look at pic- 
tures and paint murals of them. A trip to the Louisiana 
State University Museum of Science and Geology is an 
exciting educational experience that furthers students' 
knowledge of dinosaurs and bones. 

Cooking also is an excellent opportunity to experience 
and discover basic scientific facts while using all of the 
senses. Cooking gives children concrete experiences with 
scientific terms and definitions. For example, what's a solu- 
tion or a mixture? We make a solution by dissolving gelatin 
powder in water. Students examine tools and utensils to 
see how they work. How does an egg-beater beat 7 How 
does a juicer juice oranges or a can opener open cans? 
Children explore changes by watching an egg take different 
forms, and watching cheese melt. When cooking, they find 
themselves in an informal setting in which they can share 
opinions, speculate about what they think will happen, and 
ask questions. These questions, guided by the teacher, gen- 
erate involvement, curiosity, and discovery. Our children 
become young scientists as they discover the meanings of 
scientific terms and internalize these concepts through 
cooking. And they can eat the results! 
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We provide an educational study trip to the Louisiana 
Arts and Science Planetarium. This introduces the in-depth 
study needed for understanding the solar system with 
emphasis on our planet. When we ask students to jump up 
and stay up, they discover they cannot. From here, we 
introduce gravity and experiment with its effects on var- 
ious objects in their immediate environment. Through 
dramatization, children discover the relative location of the 
planets to each other and to the sun. Pupils hold models of 
the planets and station themselves around our model sun. 

A recent musical extravaganza developed and presented 
by the kindergarten students related facts they had learned 
about the solar system. The program was lauded as the 
most lavish educational science program ever presented by 
kindergarten students in the State of Louisiana. Our exem- 
plary kindergarten science program allows our children to 
become learners in the most active sense. They are doers, 
not just spectators. 

Science Fair 

Tanglewood Elementary School's faculty sponsors a 
dynamic science fair. We have discovered that participation 
in our science fair is an excellent evaluative tool for kinder- 
garten science. We encourage each kindergartner to pres- 
ent a science project,and we have 100 percent participation. 
The science fair entry is a cooperative home/school project. 
We send parents a note that reviews scientific concepts the 
children have discovered. With help from home, each 
kindergartner selects a project to work on. Even though we 
encourage parental assistance, we stress that the display be 
representative of the child's work. Each project is judged 
not only on appearance, but also on the scientific knowl- 
edge of the child. The kindergarten participant is inter- 
viewed by the judge and asked to explain the project. The 
judges are often amazed by the child's clarity and under- 
standing of scientific discoveries. Our judges are selected 
from the petroleum industry, middle and high school science 
departments, the news media, and supervisory personnel 
from our school board. 

Evaluation 

We use a vanety of evaluation methods. Our evaluation 
techniques reflect our objectives to emphasize sensory as 
well as verbal skill development. Children demonstrate suc- 
cessful attainment of an objective by doing specific things 
we can observe. 

Our kindergarten science program at Tanglewood Ele- 
mentary fosters positive scientific attitudes. Our students 
have developed an appreciation of science in their everyday 
lives. By the end of the school session, we can see them 
comfortably using their skills of ob?erving, inferring, classi- 
fying, measuring, communicating, and predicting. 

Financial Needs 

Our kindergarten science program is not externally 
funded. We have an effective Parent Teacher Organization 
that allocates a small amount of money to be spent on the 
total kindergarten program. The majority of our science 
materials are salvaged from such community resources as 
dentist offices, medical clinics restaurants, shopping mall 
irash bins, garage sales, and cooperative parents. 



36 



Chapter 9 
BOCES: Districts 
Working 
Together 

David R. Babcock 
Monroe 2-Orleans BOCES 
71 Lyell Avenue 
Spencerport, New York 14559 



Organization: Board of Cooperative Educational Ser- 
vices (BOCES) 

Location: Spencerport, New York 

A regional agency, BOCES allows local school dis- 
tricts to join together in a cooperative effort to pro- 
vide for their mutual needs. The Monroe 2-Orleans 
BOCES serves nine suburban and rural school 
districts. 
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Every school district faces educational needs too great or 
too costly to ue met by local resources. In our state, the 
Board of Cooperative Educational Services (BOCES), a 
regional agency, allows local school districts to join together 
in a cooperative effort to provide for their mutual needs. 
There are 42 BOCES throughout New York state: while 
each offers occupational and special education, their ser- 
vices vary according to the needs of the local districts. The 
Monroe 2-Orleans BOCES, located in Spencerport, New 
York, serves nine suburban and rural school districts and is 
unique in offering a comprehensive support system for 
elementary science education. 

The 453 people employed by the Monroe 2-Orleans 
BOCES, mostly in occupational and special education pro- 
grams, include 43 persons (four professional and 39 techni- 
cal aides) as a support system for the Elementary Science 
Program (ESP). The ESP represents a major cooperative 
effort among educators at the district, regional, and state 
levels to increase and improve elementary science instruc- 
tion throughout New York. 

In 1972, our BOCES initiated an elementary science ser- 
vice providing direct technical assistance to classroom 
teachers. This included the development of program mate- 
rials, staff development, and an ongoing support system. 

Throughout New York state, 183 school districts from 
24 BOCES areas currently subscribe to this service. The 
communities involved range from rural to densely popu- 
lated suburban areas. No large cities have requested ESP 
services. The ESP provides materials to regular classes K-6, 
gifted classes, special education classes, Pre-K, grade 9, spe- 
cial schools, such as the Convalescent Hospital for Chil- 
dren, and private and parochial schools. The students in- 
volved are representative of the communities served. 

As a result of this service, approximately 4,166 teachers 
and 104,150 students are provided with a hands-on approach 
to science each school year. Because of the success of this 
approach, five other BOCES and one large city district have 
replicated this service. 

Our Program 

ESP, a hands-on program, teaches students to be prob- 
lem solvers. The content, skills, attitudes, and teaching 
approach vary from one unit to another. ESP, a student 
centered program, encourages the use of library books 
instead of textbooks as reference books, encourages stu- 
dents to write and draw results of their experiments in 
their own style, and encourages teachers to listen to stu- 
dents and increase their sensitivity to individual student 
needs. The ESP is designed to be open-ended: as a class 
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studies a give unit, what the students learn and experience 
will be unpredictable. 

ESP also improves the instruction of elementary science 
by training teachers in the proper use of materials and 
program learning theory. The staff is sensitive to teacher 
needs and open to teacher ideas and suggestions. Teachers 
suggest changes in teacher's guides and materials on i regu- 
lar basis. Periodically, the professional staff reviews teachers' 
ideas and considers needs, cost effectiveness, and whether 
or not the suggestions are educationally sound before revi- 
sion of teacher's guides and kits take place. The ESP profes- 
sional staff meets with the ESP Advisory Council on a 
regular basis to discuss and review curriculum revisions. 
We encourage technical staff to contribute ideas on packag- 
ing and other department procedures. Unit offerings must 
be flexible to meet the individual needs of the various 
school districts. Individual school districts decide the grade 
placement for each unit they select based on the district's 
scope and sequence. The overall philosophy of the ESP 
professional and technical staff is to provide a cost-effective, 
quality elementary science program for teachers and 
students. 

Goals for Students 

We feel ESP should help the student develop 

• The ability to solve problems effectively. 

• The ability to systematically apply inquiry process skills 
and language arts skills and processes. 

• Positive attitudes toward science by participating in 
hands-on activities. 

• Increased understanding of scientific concepts and 
principles. 

Subjects Covered 

The program contains 152 units for regular and gifted, 
and special education classes pre-school through grade 9. 
Unit offerings include a variety of life science, physical 
science, Earth science, and general skills. The majority of 
the activities in any one unit are hands-on activities. Each 
activity involves science concepts, inquiry skills, language 
arts skills, and processes and attitudes. A behavioral-type 
evaluation strategy, which teachers use to evaluate student 
performance as well as monitor their own teaching, follows 
each activity. 

The Teacher's Role 

The Elementary Science Program will be most effective 
in classrooms where inquiry is encouraged, and where 
teachers are able and willing to listen more than talk, 
observe more than show, and help students progress in 
their work without engineering its precise direction. 

The role of the teacher changes from that of being a 
dispenser of knowledge to a director of instruction in the 
cla ssroom, actively exploring questions along with the 
students. 

To be successful in this program, teachers must be com- 
mitted to it. Teachers must want to explore, speculate, and 
try things on their own. Teachers must be sensitive, 
responsive, provocative, and attentive to children. 

Teachers order the kits most appropriate for their class 
and within tiie scope and sequence developed by their dis- 
trict After using the kits in a safe and recommended 
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manner, they take inventory of the supplies before return- 
ing the kit to the ESP office. 

The Student's Role 

• Help plan class activities. 

• Interact with and assist other students. 

• Use a model for problem solving. 

• Keep notebooks or journals when appropriate. 

• Follow safety precautions. 

• Follow rules. 

Materials Needed for the Program 

Kits of materials are fabricated and refurbished at the 
ESP. Teachers request the units based on their district's 
curriculum design. The ESP sends kits to teachers, who 
then return them to the ESP where they are refurbished 
and sent to other teachers. Correlated with the kits are 
other components such as teacher's guides, student books, 
activity sheets, films, and living materials. 

Service Dimensions 

The ESP also provides inservice courses for teachers and 
administrators. These courses cover the proper use of 
materials and the educational philosophy necessary to teach 
hands-on science. When educators complete ESP inservice 
courses they have the ability and knowledge to change 
from the traditional textbook-lecture method to hands-on 
instruction. ESP coordination services and materials pro- 
vide support for teachers so they can begin and sustain this 
change in teaching style. 

The materials provided by the ESP include kits, teacher's 
guides, transparencies, worksheets, reference books, stu- 
dent activity books, a newsletter, The Gerbil journal, and cul- 
tures of living materials. Materials are scheduled based on 
teacher requests. The Educational Communications Center 
prints worksheets and teachers' guides for the ESP, and all 
materials loaned to districts remain the property of our 
BOCES. 

Living materials supplied include cages of gerbils, guinea 
pigs and rabbits, and cultures of crayfish, protozoa, meal- 
worms, fruit flies, toad eggs, snails, isopods, butterflies, and 
aquarium plants and animals. Humane treatment of all 
animals by teachers and students is stressed. 

The ESP Professional Staff regularly meets with teachers 
and administrators to consult, advise, and assist them in the 
implementation, development, and evaluation of their spe- 
cific program. Coordination services include demonstration 
lessons, inservice courses, workshops, and curriculum 
development. 

Evaluation 

It is not the ESP's role to evaluate s f udents. Rather, each 
district determines which method(s) to use. 

The best evaluation of the program can be seen in the 
fact that an ever increasing number of districts subscribe to 
the ESP. Our hypothesis is that if the program materials 
and support system are educationally sound and successful, 
then school districts will continue to subscribe to the pro- 
gram, joined by other districts. 

Since the ESP was established as a BOCES service, it has 
conducted periodic self-evaluations. These evaluations con- 
sist of measuring changes in teacher attitudes before and 
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after inservice courses. Teachers also evaluate the quality, 
quantity, and appropriateness of the materials in the kits. 
The subscribing districts also evaluate the ESP. These 
valuations measure teacher attitudes, student attitudes, 
student achievement, and the quality, quantity and appro- 
priateness of the materials in kits. The ESP staff is not 
always privy to district evaluations because they are district 
property. 

Plans for Improvement 

The ESP has grown significantly in the past three years. 
The main problem areas are: 

1. Curriculum Development: Development of new units 
and revision of old units has slowed. The ESP Director 
needs to delegate some supervisory, budgeting, and pro- 
duct research responsibilities in order to get curriculum 
development back on track. 

2. Staff Supervision: The ESP has grown from nine to 43 
people in the past five years. The amount of staff super- 
vised directly by the director and assistant director needs to 
be reduced by delegating responsibilities to other people. 



3. Space: The ESP Center moved to its present location in 
May 1980. The present center was established to provide 
services to about 20 districts. With 183, ESP has outgrown 
its present space. A second center has been be set up to 
refurbish selected kit titles, but the demand for space con- 
tinues to increase more rapidly than additional new space 
can be found. 

What Could Undermine the Program? 

The foPowing situations must be monitored so the pro- 
gram is not undermined: 

• Teacher apathy. 

• A breakdown in communication between the ESP and 
subscribing districts. 

• A change in philosophy of Mie administration or board of 
education of the BOCES or subscribing districts. 

Methods to Keep the Program Healthy 

• Maintain sensitivity to needs of teachers and students. 

• Maintain good communication with subscribing districts. 

• Maintain constant curriculum development. 
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Chapter 10 
Promoting 
Scientific 
Literacy 

Thomas A. Ferguson 
Fairfax County Public Schools 
3705 Crest Drive 
Annandale, Virginia 22003 



School District: Fairfax County Public Schools (116 
elementary schools; 2,400 staff; 60,000 students K-6) 
Location: Annandale, Virginia (County pop. 650,000) 

This suburban county near Washington, D.C. is made 
up largely of professionals; primarily with the military 
and civilian agencies of the federal government. 



Program Overview 

The Fairfax County Public Schools elementary science 
program consists of 114 tradebooks and 29 activity-centered 
units patterned after the Elementary Science Study (ESS). 
It is designed to develop critical-thinking skills and to pro- 
mote scientific literacy. The program emphasizes five major 
developmental goals: curiosity and interest, initiative and 
inventiveness, observation and record-keeping, independ- 
ent critical thinking, and persistence. 

All teachers have a science kit for each activity-centered 
unit. The kits, produced at the Instructional Materials Pro- 
cessing (IMP) Center, contain teacher resource guides, var- 
ious laboratory hardware, and student activity books. Each 
science kit contains resources for children to participate in a 
variety of activities, independently or in small groups. 

To increase the amount of instructional time allotted to 
science, Fairfax County Public Schools developed the Ele- 
mentary Science Reading Resources Program. This inte- 
grated science and content reading program contains 114 
tradebooks which extend and broaden children's interest in 
science, as well as reinforce basic reading skills. Each class- 
room has its own collection, and a set of activity cards that 
help children focus on the concepts and information con- 
tained in each book. 

Each card is divided into three sections: a language arts 
activity, content questions, and suggestions for individual 
and group activities. Teachers have found the cards to be 
an excellent basis for short units of study. This is especially 
true at the early primary level where teacher and parent 
volunteers often read the books aloud to children. Students 
often do research projects for their local school science fairs 
based on ideas from the cards. An unexpected positive 
effert of the Elementary Science Reading Resource Pro- 
gram has been a noticeable increase in science fair par- 
ticipation. 

One strong aspect of the program is the continuing 
inservice program. Since the early 1970s, all teachers have 
been required to participate in science inservice training. 
Inservice workshops help teachers understand the program's 
principles, and also provide teachers with an opportunity to 
discuss instructional strategies necessary for implementing 
the program. 

Activity-Centered Units 

We encourage children to investigate nature through 
teacher-directed activities and independent experimentation. 
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For all young scientists, this kind of learning experience 
C: nphasizes the essence of science— not one of learning by 
rote, but open inquiry combined with experimentation. 
The activity units help children develop their capacity and 
courage to think imaginatively, logically, and critically— in 
short, to think for themselves. 

The activities draw upon the natural sciences and mathe- 
matics. Some involve working with and observing living 
animals. Others develop process skills. All can be related to 
other areas of the curriculum, such as social studies, lan- 
guage arts, or mathematics. The materials provided are 
appropriate for children at different stages of intellectual 
development: the same basic unit with minor modifications 
can be effectively used with gifted and talents" *«idents as 
well as with children who have learning difficulties. 

So, while woiking with concrete materials, children learn 
not to be intimidated by science but to feel at ease with the 
concept of scientific inquiry. At the same time, each activity 
emphasizes positive attitudes, curiosity, initiative, self- 
reliance, and persistence. This gives children the opportun- 
ity to develop confidence in the:? ability to solve problems. 

Activity-centered units used in the program and grade 
levels at which they are used include: 

• Kindergarten: Free Exploration, Patterns, Counting and 
Writing Numbers (integrating science and math), Sorting 
and Comparing, and Number Experiments. 

• Grade One: Learning Through Nature, a year-long unit 
organized by month. We study Senses (September), 
Leaves (October), After Leaves Fall (November), Ever- 
greens (December), Growing Seeds (January), Producing 
Plant Grov\th Without Seeds (February), Bud^mg Twigs 
(March), Flowers (April), leather (May), Review (June). 

• Grade Two: Animal Life, Primary Balancing, Match and 
Measure, Attribute Games and Problems. 

• Grade Three: Attributes and Shapes, Mystery Powders, 
Batteries and Bulbs I, Sink or Float 

• Grade Four: Rocks and Charts, C .ored Solutions, L .- 
ploring Metric Measure, Butterflies, The Sun and Its 
Neighbors. 

• Grades Five and Six: Behaviors of Mealworms, Batteries 
and Bulbs II, Small Things/Pond Water, Peas and Parti- 
cles, Stars and Constellations, Investigating Matter (Liq- 
uids), Pendulums, Mapping, Exploring the Universe. 
The science units for grades five and six often contain 

expensive equipment. In order to reduce manufacturing 
costs, these units are supplied on a two-year cycle. Although 
the sequencing of units within the cycle varies from school 
to school, by the end the children will have worked with all 
units in the cycle. 

A unique feature of the astronomy units (grades four, 
five, and six) is that e^ch includes a visit to one of Fairfax 
County Public School, nine planetariums, which allow stu- 
dents to observe and study the night sky during daylight 
hours. As part of their planeta 'ium experience, students 
record observational data which they later use in the class- 
room. 

The IMP Center delivers science kits to individual teachers 
according to a centrally planned schedule. The kits are deli- 
vered in double-walled reusable cartons. Some units can be 
contained in one carton, others require as many ^s three. 
Each semester, 4,000 kits are shipped from the IMP Center 
to elementary school classrooms, then back to the IMP 
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Center for refurbishing. Teachers do not have to procure 
any materials themselves. This organization eliminates the 
need for teachers to waste valuable instructional time gather- 
ing and replacing materials. 

The IMP Center is responsible for checking each science 
kit that is returned, replenishing expendable items, repair- 
ing broken apparatus, and sending the kit out again to 
another school. Using the kits more than once during the 
year drastically reduces the number of kits needed and 
makes them more cost effective. 

We encourage all teachers to participate in a continuing 
program of quality control. They supply feedback to the 
IMP Center staff on equipment malfunctions, difficulties 
with directions, need for assist^ ^e in teaching a unit, and 
whether various aspects of a unit . meeting objectives. 

Elementary Science Readii 4 Resources 

There are separate collections of approximately 30 titles 
for primary, middle, and upper grades. Teachers develop a 
cooperative plan in ea^h school plan to use the books as 
part of their languaf arts program. The books ex< r? 
science students, anc at the? same tir"\ generate new 
enthusiasm toward reading. The program piovid s more 
than fret time for reading; it provides opportunities for 
children to discuss, analyze, compare, and share activities 
that deepen theirenjoymcntof reading. Students commun- 
icate their new knowledge by showing pictures, making 
posters, building clay models, sharing experiments, writing 
stories, and giving oral reports. 

The program enjoys widespread support from teacher*, 
administrators, and the community. Our district has adopted 
the books as basal material and appropriated adequate funds 
for the replacement of worn-out books and for the addition 
of new titles. 

Not all tradebooks are suitable for classroom use. Careful 
selection is important. The National Science Teachers 
Association and the Children's Book Council have estab- 
lished helpful guidelines for selections. NSTA publishes a 
list of "Outstanding Science Tradebooks for Children" each 
year. It is also important to include children's opinions in 
th* selection process. Books that appeal to adults are some- 
times boring to children. 

Although an elementary science program should be built 
around hands-on activities, it is not always possible to 
investigate all science topics through hands-on activities. 
Tradebooks can provide an additional avenue for students 
investigating certain science topics. Boch reading and guided 
activity hav f heir place. Our program provides an effective 
balance between the two. 

Inservice Training 

Before using a unit in the classroom, teachers must gain 
experience using apparatus and activities. Skimping, by not 
providing such training, is poor economy. The success of 
any activity-centered unit hinges on the teacher's familiar- 
ity with the ideas and materia 1 * involved. 

Our continuing inservice effort is one of the strongest 
aspects of our program. During inservice, teachers acquaint 
themselves with class materials, formulate lesson plans, 
and discuss instruction strategies. All workshop instructors 
are volunteers, usually teachers or administrators who are 
experts in a particular activity-centered unit. The county 
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also has four science specialists who respond to individual 
calls from teachers experiencing difficulties. Each science 
specialist serves approximately 30 elementary schools, six 
intermediate schools, and six high schools. 

Teacher training goes on throughout the school year. 
On Monday afternoons the elementary schools close early 
to allot time for inservice programs and team planning. 
Teachers also receive inservice training for the designated 
activity kits and the reading resources used at their grade 
levels. This training requires five sessions, two and one- 
half hours each. Such training requires large investments 
of teachers' time when compared with the amounts of 
inservice training elementary school teachers traditionally 
receive. The program designers have fouH, however, that 
inservice training is the most important element in the 
program. Without adequate training there is a high proba- 
bility the materials will be either misused or never used at 
all. 

For teachers who need additional knowledge in science, 
the school district offers a tuition-free science seminar. 
Teachers completing this 48-hour course receive three cer- 
tification credits from the Virginia Department of Educa- 
tion and credit toward a salary increment. 

To a large extent, the succf of any instructional pro- 
gram depends on the school principal's support. Therefore, 
another important aspect of the science inservice program 
is the training of principals. Fairfax County sponsors 
seminars for principals to keep them aware of curriculum 
changes. The seminars are patterned after the Project for 
Promoting Science Among Elementary School Principals sponsored 
by the National Science Teachers Association. 

History 

The Fairfax County Public Schools Elementary Science 
Program had its beginning during the administration of 
former superintendent of schools Lawrence M. Watts. Soon 
after his arrival in July 1969, Watts expressed concern 
about the elementary science curriculum, which consisted 
primarily of a science textbook with practically ) support- 
ing materials. As a former science teacher, he recognized 
the value of learning by doing and pushed to implement a 
hands-on, inquiry-oriented curriculum. 

In January 1970, we selected Douglas Lapp to direct the 
Elementary Science Project. The project integrated teacher 
training and materials that would introduce activity- 
centered units into the el, .nentary school. Thomas A. Fer- 
guson was designated Coordinator of Teacher Training 
and Leslie J. Benton was appointed Supervisor ot the 
Instructional Materials Processing Center. The mission of 
the IMi* Center was to: (1) produce science kits less expen- 
sively than they could be commercially purchased; (2) circu- 
late science kits among elementary schools; (3) maintain the 
science kits in a ready-to-teach condition by refurbishing 
them between multiple uses; and (4) sponsor an inservice 
training program. 

Kits for 12 different units were first produced during the 
spring of 1970 for use in a sui imer staff development pro- 
gram. The kits were then assembled in large quantities 
during the summer for use in the schools that fall. A total 
of 1,650 kits, each containing enough materials for a class 
of 32 students, were prepared. The number of kits increased 
to 2,200 by January 1971. Each teacher in the program 
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received three or four units per yeai and used them for 8 to 
16 weeks, depending on the units. 

In addition to manufacturing kits, the staff at the IMP 
Center sponsored a teacher training program. Inservice 
workshops introduced half of the ementary school 
teachers to the sconce kits during the fall of 1970. The 
workshops were cor>du:tL*d by a team of 24 local educators 
including elementary supervisors, science specialists, and 
principals. All members of the team received extensive 
training and had teaching experience with the program 
materials. By the spring of 1971, the inservice program 
reached all of the elementary teachers in the county. Since 
the initial effort, workshops have been offered every year 
to train teachers new to the system and those changing 
grade levels, and to introduce new or revised units. 

Fairfax County Public Schools introduced the Elemen- 
tary Science Reading Resources Program in the fall of 1978 
with implementation to take place over a three-year period. 
The original program provided one set of activity cards to 
each classroom teacher and one set of books for every two 
teachers. Since the response to the program was so posi- 
tive, it was expanded to include one set of tradebooks for 
each classroom. To keep the sets current, new titles are 
continuously being reviewed and added to the program. 

Program Maintenance 

The start-up costs for the IMP Center were moderate 
because it was housed in a vacant elementary school build- 
ing. The tew pieces of needed macninery and equipment 
were acquired from surplus sources. The Center originally 
used two rooms in the building, and today occupies the 
equivalent of 22 classrooms. 

In setting up the IMP Center, Fairfax County Public 
Schools solved a problem that has plagued school svstems 
attempting to institute an activity-centered program: main- 
taining a steady flow of ready-to-teach science materials 
into classrooms. The IMP Center staff works constantly to 
improve the science kits and encourages teachers using the 
kits to suggest improvements. These services— the return- 
ng to the Center, checking, replenishing, repairing, and 
making modifications to fit the needs of teachers— are not 
available when commercially packaged kits are purchased. 

The labor required to construct apparatus such as micro- 
scopes, circuit boxes, and balances and to package the mate- 
rials that go into the activity-centered kits comes from a 
variety of sources. During the spring of 1970, eight people 
from the IMP Center neighborhood worked part-time pre- 
packaging materials to be included in the activity-centered 
kits. The following summer, 27 student workers continued 
the kit assembly work and constructed some of the special- 
ized apparatus required in large quantities. The st idents 
constructed more than 7,000 elementary microscop s and 
1,500 two-pan balances. The student summer workers in- 
cluded 20 Neighborhood Youth Corps workers and two 
Fairfax Community Action Program workers whose sal; 
ies were paid through a federal grant. 

During the 1970-71 school year, the work force that 
refurbished the kits included 10 part-time adult workers 
from the local community, as well as high school and 
intermediate school students working after school. In addi- 
tion, a pilot program at Lincolnia Element?! y School suc- 
cessfully involved special ed jcation studenh, in some of the 
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kit assembly tasks, in a sheltered workshop-type setting. 

During the summer of 1971, 25 student workers and 12 
adults from the local community combined their efforts to 
refurbish kits for the original 12 ESS units, and to prepare 
apparatus and materials for 12 r°w units. In addition to 
repairing the microscopes and other apparatus contained in 
the original kits, the student workers manufactured 1,600 
balance-board fulcrums, 3,200 micro-balance stands, 7,000 
two-pan balances, and 8,000 gas analysis racks. The staff at 
the IMP Center now consists of 13 assemblers, three stu- 
dent aides, three truck drivers, a supply clerk, a materials 
specialist, and a coordinator. 

Even when overhead and administrative costs are in- 
cluded, the science kits produced by the IMP Center cost 
substantially less than those available from commercial sup- 
pliers. The first 4,000 kits produced at the Center cost 
approximately $221,000 instead of the $420,000 commer- 
cial cost. The kits continue to be produced for approxi- 
mately half the cost of those available from commercial 
sources. 

Commercial science kits often require teachers to pro- 
vide many of their own materials, such as chemicals or 
potting soil. Some require teachers to spend many hours 
constructing apparatus. The IMP service allows teachers 
more time to concentrate on the subject contentof the kits 
and appropriate instructional strategies. 

The largest program cost has been and continues to be 
the operation of the IMP Center. The inservice program 
does not incur any direct costs. Four science specialists and 
teacher volunteers conduct inservice on Mondays, when 
schools close early, or on days set aside specifically for this 
purpose. 

Fairfax County has made a large investment of teacher 
time in inservice training and an even larger investment in 
money for materials. However, the school district believes 
the investment in time, effort, and money has been well 
worth the cost. The /rogram has successfully introduced a 
spirit of inquiry into the elementary classroom and has 
provided children with opportunities to learn and to think 
independently and creatively. Although the program is in 
its 15th year, it still enjoys the enthusiastic support of par- 
ents, 'eachers, and administr itors. 

Evaluation 

Fairfax County Public Schools constantly assesses all 
aspects of the K-6 science program. The Department of 
Instructional Services analyzes information gathered 
through a variety of instruments, including: (1) Science 
Research Associates (SRA) achievement test scores; (2) 
science kit evaluation questionnaires; and (3) program aud- 
its. In addition, a total review of the science program is 
periodically conducted by a committee of teachers, parents, 
and administrators in conjunction with a task force of emi- 
nent science educators. 

In Fairfax County, the SRA achievement test is adminis- 
tered at grades four and six. The average science score at 
both grade levels is well above the national norm. The 
questions on the science portion of the test (19^1 edition) 
can be grouped into six categories— Living Things, Matter 
and Energy, Earth and Sp^ce, Experimentation, Charts and 
Tables, and Reading Comprehension. Student performance 
has shown a significant increase in each of the six catego- 



ries sinv 1974-75. Between 1978 and 1980 there was a 40 
percent increase in the reading comprehension category. 
Since the Elementary Science Reading Resources Program 
was introduced in 1978, this may indicate that tradebooks 
in the classroom have a positr effect on the development 
of reading skills. 

In March 1982, Fairfax County Public Schools adminis- 
tered the 1978 edition of the SRA Achievement Series/Edu- 
cational Ability Series for the first time. This new test 
involves a different population of students for norming, 
uses new items, and has some additional tests and sub- 
tests. Since this new test format is now being used, a com- 
parison of present test scores with scores prior to 1982 is 
not possible. However, an analysis of the available informa- 
tion shows that the average science scores for grades four 
and six are again well above the national norm. In 1983-84, 
the fourth grade average score was 19 percentile points 
above the national norm and the sixth grade average was 
26 percentile points above the national norm. 

Since 1973, a teacher evaluation questionnaire has been 
placed in each elementary science kit. It is designed to help 
the IMP Center staff gather information on the use and 
effectiveness of the materials. The questionnaire provides 
each teacher with an opportunity to comment on the stu- 
dent materials supplied in the kit, the period of time the kit 
is available, the quality of the inservice workshops, and the 
elementary science program in general. Teachers are also 
asked to describe their experiences with each science unit 
and to offer suggestions for improving the program. The 
questionnaires received from teachers are read and ana- 
lyzed. Problems identified through this process are investi- 
gated, and steps are taken to make the necessary program 
modifica tions. 

The program audit is another management tool the school 
district uses to assess the effectiveness of individual school 
programs Progrcrr audits are conducted in approximately 
25 schools each year. They are designed to identify strengths 
and weaknesses in local school program, provide help in 
addressing instructional problems, and monitor the imple- 
mentation of policies. The audit teim is composed of 
teachers, administrators, and subject area specialists. In eva- 
luating science instruction, the team uses a list of instruc- 
tional standards and observable behaviors to rate the ob- 
served science lessons. Based on the team's ratings, com- 
mendations and recommendations are made to the area 
superintendent, the school principal, and the faculty. The 
local school staff must formulate a plan to correct any defi- 
ciencies in the local program. 

In 1983, an Elementary Science Study Committee con- 
ducted a K-6 program review. The review committee con- 
sisted of science specialists, teachers, principals, parents, 
and a task force of eminent science educators from outside 
the school district. The task force included Phyllis Marcuc- 
cio, National Science Teachers Association; Howard 
Hausman, National Science Foundation (retired); Raymond 
\ ^nnapel, National Science Foundation; and Teresa Aud- 
ridge, Commonwealth of Virginia. The 30-member com- 
mittee reviewed all aspects of the program including the 
unit objectives, the basal and supplemental materials, the 
planetarium program, the Elementary Science Reading Re- 
source Program, the materials support system, the inser- 
vice training program, and the SRA test score. The com- 
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mittee, in order to make a broad appraisal of the science 
program, requested the Office of Research and Evaluation 
to design and administer an elementary science inventory. 
The inventory assessed the feelings, attitudes, experiences, 
and expectations of teachers in an effort to determine pro- 
gram needs. The inventory was administered to 700 county 
teachers and more than 95 percent of the teachers (668) 



returned the survey forms. In addition, the committee 
compared the Fairfax County science program to a nai ; onal 
standard (Characteristics of a Good Elementary Science 
Program) established by the National Science Teachers 
Association under a grant from the National Science Foun- 
dation. The Fairfax program met 80 percent of the listed 
criteria for a good elementary science program. 
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Chapter 11 
Outdoor Science 

Leonard V. Ross 

Turner Elementary School 

5218 East Clay 

Fresno, California 93727 



School: Turner Elementary (21 staff; 540 students) 
District: Fresno Public Schools (59 elementary schools; 
1,316 staff; 33,600 students K-6) 
Location: Fresno, California (pop. 220,000) 

By using the warm weather and other natural re- 
sources of the San Joaquin Valley, Turner Elementary 
and the Ross Center for Environmental Science blend 
basic skills with on-going projects with plants, animals, 
and nature. 



Picture a cool, bubbling fountain in a rustic setting filled 
with flowers. Then visualize 440 children eating vegetables 
and strawberries fresh from their own garden, viewing 
pond life through a microscope, and feeding a friendly 
nanny goat and kid. Add rabbits, pigeons, and ducks in the 
middle or an outdoor classroom and you have tlie Ross 
Center for Environmental Science— not just school and 
classroom activities, but an important part of a child's day. 

When children are eager to go to school, save their milk 
cartons for seedlings, bring plastic baps to take their own 
home-grown vegetables home, talk freely about school, 
voluntarily make campus "sweeps" to pick up debris, and 
don't want to leave their environmental center, you can be 
sure that something unusual and good is happening! 

The Ross Environmental Center is the focus for student 
attitude, motivation, ani school spirit and pride for stu- 
dents at Turner Elementary School. Fund-raisers, garden 
contests, community meetings, and s-hoJ barbecues are 
just some of the many activities taking place at the center, 
which is adjacent to the school. Our students are busy, 
active, and proud of their school and center, and it shows in 
their positive attitudes, eagerness to learn, and our minimal 
discipline problems. 

The Center 

The Ross Center, a half-acre outdoor science facility, 
serves the students of Turner Elementary School plus other 
visiting classes in the Fresno area. Each class at Turner 
School (K-6, Special Education, 16 classrooms in all) 
weekly scheduled times in the environmental center ft. 
science lesson, or hands-on follow-no activities in one of 
the 18 learning stations at the center (greenhouse, pond, 
cactus garden, weather station, animal area, e'.c). Each 
classroom at Turner maintains a 15-foot by 18-foot garden 
where students are involved in all aspects of gardening, 
from soil preparation to harvesting. In addition to their 
cwn classroom gardens, students work in and maintain a 
community garden; vegetables from the community garden 
are sold at local markets. Whether it is collecting and study- 
ing pond life or milking a cow, hands-on sensory learning is 
the key to the Ross Environmental Center. 

Whatever is done in our Environmental Center, we all do 
it together, from getting hay to bringing in manure. Turner 
Schoo 1 no longer relies on the airport weather station for 
reports— we now have our own weather station. On field 
trips, the students take a homing pigeon with them to 
release when they reach their destination to let us know of 
a safe arrival. 
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Our students have built seating areas from brick and 
rock ey have collected and c!?aned. The lumber and cor- 
rugated metal used in our center was taken from old build- 
ings we demolished in the country. Even before building 
could begin, students brought the materials back to school, 
where they cleaned, pulled out and sized nails, and cut the 
lumber. Older students brought gloves and volunteered to 
work before and after school and in their spare weekend 
time. Smaller children fetched and carried. 

Two pole barns house the hay that students have donated 
and gathered. In this area, we house rabbits, guinea pigs, 
snakes, tortoises, mice, wild pigeons, and tame mourning 
doves. 

Three corrals contain large animals brought in for study. 
Here students learn that milk does not come from the 
corner store, and every student has the experience of try- 
ing to milk a placid dairy cow. Various types of horses and 
other large animals are brought here, where safety mea- 
sures are carefully taken. A squeeze chute permits the 
children to approach, look, and touch without fear. We 
have strict safety rules for our center. Areas are also set up 
for milking our resident nanny goat and containing her 
kids to keep them out of the garden. 

In the class garden plots, students grow four varieties of 
seasonal crops. Several methods of irrigation are available 
for the students to u^e as they learn the needs of the 
different crops. 

Philosophy 

Using the resources of the San Joaquin Valley, the Turner 
Elementarv School and Ross Center blend the school's basic 
skills program and on-going project work with plants, 
animals, and nature. Ecology and science meet reading, 
writing, and art in a creative atmosphere. Parents and staff 
work together to offer u nique opportunities for channeling 
the enthusiasm of students from kindergarten through 6th 
grade. 

We provide students with an opportunity to actively par- 
ticipate in constructive projects and experience success. 
This improves self-image, increases positive feelings towards 
school, increases motivation for learning, increases positive 
interaction b?tween students and teachers, and decreases 
discipline problems. 

History of the Program 

Turner Elementary School began in 1980 as a magnet 
school under the Emergency School Aid Act. The magnet 
program, expected to reduce racal isolation by voluntarily 
moving students to a school offering a special curriculum, 
was contingent upon federal funding to our school district. 
Our fir*t step was to bring our community and school 
population into the planning stage. We met with school 
staff members, parents, the student council, administra- 
tion, science representatives, university professors, 4-H ad- 
visors, Women in Agriculture, the Farm Bureau, Fresno 
County Farm Advisors, Future Farmers of America, Peer- 
less Pump, ^islier Industries, and people in other local 
businesses. 

The magnet project staff believed that we must wor' 
toward a set of comprehensive educational objectives. Our 
task force was well represented ?nd we were getting posi- 
tive community response and support. We welcomed a 
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constructive parent/community involvement to help carry 
out our program. We began a calendar of planned activities, 
formulated goals, and developed means of program 
assessment. 

Our program was to be funded in the amount of 
$148,925. The planning was well on the way when disaster 
struck: The U. S. Department of Education cut over 30 
percent from all federal school programs. Fresno Unified 
School District's magnet program application was ranked 
only 64th of 84 school districts that applied foi fuadinp 
from the Emergency School Aid Act. (Our ranking had 
nothing to do with the quality of our program. Those dis- 
tricts just starting desegregation programs were funded 
first.) The possibility of funding was remote, and by the 
end of March, 198 1 , the news was out: No money for the 
project. 

Our staff, parents, and community were disappointed 
after working so hard and having such high hopes. We had 
come to a dead end — but not tor long. Was money going to 
deter us now that our plan was in progress? With the 
momentum of a community behind us, we decided to put 
the wings on our project and fly. We soared. 

Building our center was possible only through the co- 
operation and planning of all those involved from the 
beginning, including the administration. Always support- 
ive our superintendent of schools, Dr. Stremple, helped 
wherever possible. We followed the original building pro- 
gram, adding something even more priceless — community 
spirit and school pride. Through necessity, we learned to 
share as we developed our dream. The children were in- 
volved with the parents and community, and they worked 
as hard as anyone else. When we needed rocks for our pond 
area we rented a truck, drove 48 miles to a rock quarry, and 
loaded them. We then stopped to swim in a lake area and 
had a picnic, making it a day of work, fun, and accomplish- 
ment. A local builder donated his trucks and heavy equip- 
ment, as well as valuable know-how, to help us get staned. 
Relatives pitched in to help school staff and students in 
organizing, working, and cleaning up. Former students, 
neighbors, and businessmen came to help in any way they 
could. 

Through the past two summers, the center has been a 
continual labor of love, pulling our school and community 
together. 

The Program 

Ou r program is simple. What children hear about in the 
classroom, they do in the center We have an area at the 
center where our resource person does demonstrations in 
conjunction with particular lessons. Children then work in 
the Environmental Center, putting into practice what they 
have learned in the classroom. The third area is a place 
where children work in their gardens or on activities their 
instructors designate. Because there is continuity between 
the classroom and the center, and a variety of activities, the 
children never seem to get tire i What they learn in the 
Environmental Center may give rise to questions referring 
back to the curriculum These questions are taken back in' 
the classroom. 

Science is most effectively learned when it is experienced. 
Therefore, the outdoor science facility has 18 participatory 
science areas (everything from a pond to a greenhouse). 
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The center provides a focal point for science education at 
Turner, and is the hub of all curriculum areas. At the cen- 
ter we teach and reinforce ,nath, reading, language arts, 
and fine arts. The link between the classroom and the 
environmental center is the key to the quality education 
program at Turner School. 

The center offers students an opportunity to study and 
explore their environment, extending the basic curriculum 
through indoor and outdoor learning centers. A variety of 
activities give students first-hand experiences in the world 
of physical, life, and Earth sciences. 

Skillful teachers, assisted by specialists from the com- 
munity, guide investigations in such areas as horticulture, 
botany, agri-science, animal science, zoology, air and water 
pollution, and ecology. Demonstrations, speakers, field trips, 
and research involve students in projects, experiments, and 
activities to develop good learning habits. Students expand 
their knowledge of the environment, learn how to appre- 
ciate it, and assume an active role in its improvement. 

Parental involvement in the educational process is essen- 
tial. The interest and encouragement that parents give at 
home strengthens efforts at school. The program encour- 
ages parents to volunteer as project leaders, club sponsors, 
and classroom assistants. Such family involvement provides 
greater opportunities for learnirg, sharing, and developing 
community spirit and school pride. 

Curriculum 

Students receive instruction in the biological and physical 
sciences appropriate to and challenging for the grade level. 
Our curriculum includes biology, botany, zoology, horticul- 
ture, gardeni tg, animal science, geology, meteorology, 
ecology, and conservation. Hands-on experiences include 
gardening, animal care, pond life study, microscope investi- 
gations, rock and mineral investigations, weather observ- 
ing and recording, and experiments with energy and 
conservation. 

Our center increases the effectiveness of the curriculum 
by adding a practical aspect to all fields of a child's educa- 
tion. For example, a student weak in reading might ask 
why tomatoes turn from green to red. We give him a pam- 
phlet at his level that explains the process, and he can see a 
purpose for reading. The student who does not like math, 
thinking multiplication is a bore, finds interest and impor- 
tance when asked how many plants will be needed for her 
garden with 16 plants to a furrow in 12 furrows. Again, the 
student sees a purpose for learning. 

In addition to their regularly scheduled time in the cen- 
ter, students tackle special research projects, seeking, for 
instance, to control algae in our pond, or comparing the 
growth rate of various vegetable plants. 

Our science curriculum is a comprehensive instructional 
guide for our K-6 and Special Education program. It identi- 
fies the general curriculum topic each month (i.e. geology, 
weather, plant life, pond life, ecology; plus the specific les- 
son taught at each grade level. The curriculum provides a 
progressive science program. Each year's new concepts build 
upon previous concepts. Hands-on activities reinforce sci- 
ence concepts identified in our curriculum. The activities 
are many and varied, ranging from measuring heat in the 
compost pile, or creating the topography of California in a 
special topography sand box, to building a barometer with 



bottles and balloons to study air pressure. 

Each classroom has a scheduled one-hour period each 
week in the center. When a class comes to the environmen- 
tal center, they have already completed their science text 
reading and planned classroom science activities. After the 
short 15-to-20 minute lesson, the class is divided into groups 
for various activities. Activities are grouped as follows: 

• Reinforcing activity. This group works with the resource 
teacher on a hands-on activity that reinforces the con- 
cepts just taught. 

• Classroom garden. This group works with their teacher 
in the classroom garden (planting, maintenance, harvest). 

• General science activity. This group works on 3 planned 
activity such as planting seeds in the greenhouse, work- 
ing in the community garden, and petting small animals. 

All students rotate through all three groups during the 
period. In addition to their regularly scheduled times, 
students have the following opportunities to be involved 
in the center: 

• Sixth grade students are scheduled in groups of two 
(each week) to further investigate class activities and 
carry out individual science projects. 

• Sixth grade students sign up to be animal caretakers and 
are responsible for the feeding, watering, cage cleaning, 
and general care of all animals. 

• Fifth grade students sign up to be weather watchers. 
They read and record the various weather data each day, 
and put up a weather report and forecast in the cafeteria 
each day. 

• Fourth giade students sign up to be the maintenance 
crew responsible for center maintenance tasks (emptying 
trash cans, sweeping). 

• Fourth through 6th grade students are chosen to be on 
our Energy Patrol, which monitors the school's energy 
use and campus cleanliness. 

• Older students are selected and trained to work with 
small groups of younger students at the various learning 
areas in the center. 

• Older students are selected and trained to assist with 
visiting classes from other schools. 

In addition to these activities, the center is open at recess 
for students to come in and work on various projects. We 
allow one other school from the Fresno area per week to 
come for a two-hour educational, hands-on learning 
experience. 

Role of the Teacher 

Our teachers and the resource teacher in the center 
present science in a positive and dynamic way— creating 
situations where students are eager to learn and discover 
for themselves the wonder of the world around them. Our 
teachers have the widest range possible of media with 
which to teach— from protists in our pond water to creat- 
ing "msects" on a computer screen. They can use all areas 
of the center as teaching tools. The excitement grows 
when a science experience (growth of a tomato plant, data 
from our weather station) becomes the basis for that week's 
math or language arts program. The elementary science 
resource specialist may provide assistance by designing 
student worksheets to strengthen math graphing skills, 
and the art teacher may encourage special ar Mated cur- 
riculum in the center such as murals, or blend art into our 
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existing science lessons and plans. 

Turner has successfully developed and operated the Ross 
Center for four yean. Rick Mitchell, the full-time resource 
person, has been directing the program at Turner for three 
years. As the resource teacher fo r the center, he plans 
science for K-6 plus special education classes and directs all 
activities in the center. He also is directly responsible for all 
maintenance and new construction. 

Student Evaluation 

We monitor student progress in a variety of ways de- 
pending upon age and ability of the student. In the class- 
room, we evaluate students on weekly assignments, partic- 
ipation in activities and discussions, and appropriate tests 
for each grade level. In the center, a variety of graded tasks 
are assigned to grades 4-6 each week such as observation, 
recording, drawings, skill sheets, task demonstration, model 
making, and oral quizzing. Tests are given at the end of 
each curriculum unit. Grades are averaged and reported to 
the classroom teacher. The teacher then averages the cen- 
ter and classroom grades for the report card grade. For K-3 
students, a weekly task is evaluated with oral checking 
and/or tests where appropriate. The best test is the result 
of their accomplishments. 



Plans for the Future 

We started with nothing but a corner of the school 
grounds and have created a unique, child-oriented learning 
center. And we are not stopping now. Our plans for 
improvement are many. We never stop thinking of new 
ideas and new ways to approach our scientific projects. We 
currently use teachers on special assignments to bring in 
other curricula through math, art, and written language. 
This adds color and incentive to an already outstanding 
program. We are also planning to build greenhouses (with- 
out cost) that will last 20 years. Parents, children, com- 
munity, and staff will do most of the work. This is a labor 
of love. 

Each year, we send out needs assessments to parents and 
the community. The San Joaquin Valley is largely agricul- 
tural. Every day, we receive new ideas and new approaches 
from the community. In thi? way, the community is in- 
volved and aware of our program and proposed projects. 
Our goal is to continue to feed our students with knowl- 
edge and encouragement, and continue to teach using the 
senses and the hands to learn. 



Chapter 12 
Adding Writing to 
Science 



Fred Rundle 

Annistown Elementary School 
3150 Spain Road 
Lithonia, Georgia 30084 



School: Annistown Elementary School (41 staff; 1010 
students) 

District: Gwinnett County Schools (26 Hementary 
schools; 1,192 staff; 27,643 students K-5) 
Location: Lithonia, Georgia (County pop. 226,000) 

Annistown Elementary is 30 miles northeast of 
Atlanta. Gwinnett County is one of the fastest grow- 
ing counties in the U.S., and its population is expected 
to double by the year 2000. 
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Annistown Elementary nestles in the shadow of Stone 
Mountain, a growing suburb of Atlanta. The K-5 school 
includes a special grade level called Readiness, a grade be- 
tween kindergarten and 1st, and all 41 teachers teach 
science. An instructional lead teacher (ILT) tor the county 
helps classroom teachers implement the district's curricular 
programs. Teachers work with the lead teacher to adapt 
programs to meet the needs of children in a particular 
school. 

We have combined the popular Science— A Process Approach 
II (SAPA II) program with writing and classroom science 
projects to create our curriculum. Children at Annistown 
keep a science log, recording procedures, descriptions, hypo- 
theses, data, and graphs for each science module. The log 
serves as a means of organizing all communications about 
the activities being done in class. Logs also help the children 
design and implement their projects for the annual science 
fair. (These are classroom projects, not individual ones, and 
the topics are usually an outgrowth of one or more of the 
modules in the regular curriculum.) 

History of the Program 

SAPA was first piloted in the Gwinnett County elemen- 
tary schools in 1970. In 1971, we implemented SAPA in half 
of our 16 elementary schools, and adopted SAPA-II county- 
wide in 1976. However, by 1978 only one school in Gwin- 
nett County was consistently and systematically imple- 
menting SAPA-II. 

When I opened Annistown Elementary School in 1981, 1 
hired faculty with the understating that teaching the 
county-adopted curriculum wac not an option but an obli- 
gation. I emphasized SAPA-II and equated its importance 
to that of language arts and mathematics. 

Meanwhile, our county staff supported SAPA-II. They 
put into place inventory procedures for replacing broken or 
missing kit items, and strategies for storing and distribut- 
ing kit materials in each school. We placed items such as 
incubators, gooseneck lamps, and small animal cages on the 
county-level Basic Equipment List, making them easier to 
acquire. 

The commercially-available SAPA-II program was de- 
signed to use modules 1-15 \r Kindergarten, 16-30 in 
Grade 1, and so on. In 1978, we modified the program for 
Gwinneft Coun J *o implement modules 1-3 in Readiness 
(developmental first grade), 4-15 in grade 1, 16-30 in 
grade 2, 31-45 in grade 3, 46-60 in grade 4, and 61-75 in 
grade 5 This olacement seemed to meet the needs of the 
students in Gwinnett County more effectively, and more 
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easily accommodated children's progress with objectives 
that reflect Piaget's developmental theory. 

The county held an intensive training session for ILTs in 
1979. In the training session, ILTs participated in all 75 
modules as if they were the students and the science coor- 
dinator waf the teacher. The session emphasized organiza- 
tion, particularly student management strategies which 
make a hands-on science program more effective. 

That same year, the county science coordinator first 
offered courses for teachers on the planning and teaching 
of SAPA-II. Approximately 15 teachers a year have com- 
pleted this program, including four at Annistown. 

In 1980 we wrote our Elementary Science Curriculum Guide 
and revised it in 1983. We tried to determine which objec- 
tives to teach for mastery and which for exposure, then 
matched activities with the objectives and suggested a plan 
for each module. Some activities were essential to meeting 
the objectives. We classified others as enrichment or reme- 
dial. 

Our guide authors offered "Teacher Tips" based on tlieir 
experiences with the module. The guide includes a time- 
line to help them pace themselves through the program, 
and planning procedures to help teachers think about all 
the variables that can arise in a hands-on situation. 

In 1983-84, the science coordinator emphasized the re- 
search base for activity-based programs through principals' 
meetings, ILT meetings, and the Summer Leadership Con- 
ference held annually in Gwinnett County. These meetings 
also dealt with integrating language arts with science skills. 
A booklet, Stretching Science, which we distributed in the fall 
of 1984, offered suggestions on how this could be achieved. 
One article in *his booklet, "Using the Writii^ Process to 
Design a Science Fair Project," was written by the science 
coordinator and Deanna Fraker, a teacher from Annistown 
Flementary. 

Philosophy 

Teachers at Annistown encourage students to ?xplore 
materials, invent a concept, and then apply the concept 
Science is a process, a way of looking at or investigating the 
world. Therefore, it is imperative that thr program include 
plenty of hands-on activities. Science also involves a set of 
basic skills and concepts that should be available to all stu- 
dents regardless o' their abilities. 

Other subjects can and should be integrated with science 
in the classroom. These tenets have led us to adopt the 
following goals for science instruction: 

• Implement the SAPA-II program in every classroom at 
every level. 

• Integrate other curricular areas, particularly writing, into 
the science program. 

• Provide opportunities for children to actively experience 
science processes. 

• Create an environment that allows children of all abilities 
and learning styles to succeed. 

• Encourage the development of natural curiosity. 

• Create an environment in which children learn to use 
communication skills generated by actual experience. 

• Foster development of positive attitudes such as 
persistence, good school relationships, and self -confidence. 

• Offer all children, regardless of academic talent, a chance 
to experience science. 
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Our Program 

Our program, a modular approach, stresses basic skills 
and content in science. It offers a planned science expe- 
rience for children, moving logically and sequentially from 
simple to complex, concrete to abstract. The modules allow 
students to find and generate answers for themselves. The 
written materials accompanying the modules are adaptable 
to student needs. 

We teach science from a teacher-structured but si jdent- 
centered perspective at least an hour per week in grades 
K-2, at least 90 minutes (preferably 135 minutes) per week 
in grades 3-4, and at least 150 minutes per week in grade 5. 
Science centers, instructional bulletin boards, and home- 
work assignments given on an ongoing basis, give science 
an emphasis not often seen in elementary schools. 

Annistown students participate in group and individual 
investigations, multi-media instruction, reading, role play- 
ing, games, small and large group projects, lectures, indi- 
vidualized instru Hon, and writing. As a facilitator, each 
teacher provides information, materials, and feedback, and 
encourages exploration and discovery. Children are guided 
by open-ended, divergent questions, and trachers provide 
suggestions, close observations, and a listening ear. 

Student attitude is a vital part of each teacher's program. 
We create enthusiasm in a number of ways, such as pub- 
lishing student writings on science in school newsletters 
and literary magazines, displaying projects at science fairs, 
and awarding an outstanding achievement certificate to the 
highest achieving 5th grader in the science program each 
year. 

Each teacher is responsible for organizing materials, re- 
sources, and areas u&ed for science within the classroom. 
Throughout the building, shelves are found containing 
animals, books, equipment, materials, and projects. Cen- 
ters, instructional bulletin boards, media materials, comput- 
ers, hall and library displays, graphs, and time-lines are also 
found throughout the school. While stressing the impor- 
tance of science in everyday life, each of these factors con- 
tributes to developing students' positive attitudes and in- 
terests. We also relate science to other subjects to reinforce 
and extend learning and show the far-reaching effects of 
science ard its related skills. 

Among the many features of our science program are 
three that make science especially meaningful for our stu- 
dents- Project Write, student logs, and whole-class projects. 

In 1982 we piloted Project Write, a staff development 
effort to infuse the writing process into the curriculum. 
Students write about procedures and discoveries, invented 
concepts, and consequential operational definitions. 

Logs provide an avenue for students to express their 
interests, problems, and eagerness in science. They also 
write about procedural techniques, process descriptions, 
hypothesis formulations, data collections, graphs, and 
opinions. The log is evidence of the student's ability to 
analyze and synthesize science knowledge; keeping a log 
encourages the student to use these skills in every day life 
situations. 

Our annual science fair strengthens both science and 
writing skills. The science fair is an integral part of the 
program, stressing classroom projects rather than individual 
ones. The projects are an extension of a regular curriculum 
module and teachers use them to bring current events and 
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potential career opportunities into the classroom. In these 
whole-class projects, students become involved in the pro- 
cesses of science instead of merely turning out a finished 
project. The students design and implement the project as a 
group using the writing process. The science processes are 
used and labeled in each step of the project to reinforce the 
curriculum. The students keep individual logs describing 
the nature of the project, what they do, and the results. 

Evaluation 

Our evaluation procedures are tailored to the process 
being evaluated, and vary from module to module. Teacher 
observations and student log entries are a major source for 
evaluating individual student progress. Teacher-made tests 
also play a major role in assessing each module, and are 
shared within each grade level. Modules are also evaluated 
by the quality of activities, projects, and oral discussions 
they elicit. 

The overall sc ence program at Annistown is continually 
evaluated locally and systemwide. Each building develops a 
plan for improvement each year, addressing staff develop- 
ment and other needs. For 1984- 35, and again for 1985-86, 
we identified science as an area needing continual inservice. 
This year, the county provided one-half day of inservice on 
the integration of other curricular a tas, especially writing, 
into science. Such communication is vital to the success and 
improvement of any program. 

At the system level, each curriculum area is reviewed 
every five to seven years. The principal at Annistown 
serves on the Elementary Science Curriculum Steering 
Committee and at least one teacher from Annistown is 
selected to serve on a Materials Selection Committee. 

A major part of the review process is our survey of 
teacher attitudes. Results of the survey, based on docu- 
ments published by the National Science Teachers Associa- 
tion (Mechling and Oliver, 1983), are being analyzed and 
will be available to our school's staff. 

In November 1983 the county tested a sample of 4th 
grade students with the Comprehensive Test of Basic Skills, 
Level FU, because it most closely parallels the goals and 
objectives of the current science prograrr The sample of 
students at Annistown scored at the 84th percentile while 
4th grade students in the systemwide sample scored at the 
78th percentile level. Teachers at the 3rd and 5th grades at 
Annistown, along with their counterparts at seven other 
schools in Gwinnett County, have participated in a Univer- 
sity of Georgia research study that is examining the rela- 
tionship between achievement in science skills and in read- 
ing skills. 

Program Maintenance 

We attribute the uniqueness of our science program to 
five distinct components of program maintenance. 

First is the commitment to science education on the part 
of the principal and the ILT. The main function of this team 
is to continuously remind teachers that science is as impor- 
tant in the curriculum as reading and mathematics. The 
administration demonstrates support for science education 
by discussing the science curriculum with teachers, attend- 
ing and conducting science inservice programs, and visiting 
science classes. And each year, the administrative team 
helps plan and implement the school's annual science Kir. 
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Teacher surveys, conducted each fall, indicate that 
teachers want continual updates in science and science cur- 
riculum. As a result, the administrative team implements a 
science inservice in which new teachers actively participate, 
and veterans of the program offer valuable insight and 
assistance on using SAPA-II. The focus of the science in- 
services for a recent school year included organizing class- 
room science materials, correlating media materials with 
science modules, evaluating students, introducing new 
teaching methods, and discussing methods for grouping 
students during science instruction. 

Every six weeks, teachers attend one-half day inservice 
sessions. Here teachers share their knowledge, support, 
and ideas. 

Another component, which adds to the maintenance of 
our program, is the professional library for teachers. The 
library contains reference books on science education, soft- 
ware, and other related science materials for teacher use. 

The final component that makes us unique is our use of 
county and locally provided resources. Core materials (one 
kit per three teachers), curriculum guides, and module 
manuals are county funded. Local school funds provide 
supplemental books, materials, equipment, supplies, audio- 
visual aids, and computer software. Teachers are consulted 
prior to purchases and are reimbursed for purchases of 
consumable items. All materials are centrally located and 
readily available to ea~h teacher. An organized check-in, 
check-out system with para professional assistance ^provided 
at local school expense) ensures effective management. Sup- 
plies are refurbished on a regular basis, and inventories, 
orders, and storage are maintained. This system assures 
that materials are available so all children may have hands- 
on experience with each module. 

Plans for Improvement 

We need more structured training for new teachers early 
in the year. We are exploring the possibility of creating a 
buddy system, where an experienced teacher is paired with 
a new teacher at the same grade level. The buddy system 
would create the kind of sharing and support that is already 
present among the staff members and that is crvcial to 
successful implementation of the program. 

We must select and purchase additional tradebooks to 
accompany the SAPA-H modules. Children are so enthusi- 
astic about what they are doing that they want to read 
about it too. Trade books are the best mechanisms for 
providing up-to-date information at various reading levels. 

The professional library needs to be expanded, providing 
teachers a richer array of resource materials in both con- 
tent and methodology. A continuation of staff development 
in science is also needed for all teachers. 

Because our program is a dynamic or.e, it will continue to 
change and improve. The gains made in Annistown Ele- 
mentary 's program since 1981 attest to its un*queness. 
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Chapter 13 
Fitting the 
Program to the 
Community 

Gary E. Dunkleberger and 
Brian L. Lockard 
Carroll County Public Schools 
55 N. Court Street 
Westminster, Maryland 21157 



School District: Carroll County Public Schools (16 
elementary schools, 600 staff; 20,000 students K-5) 
Location: Westminster, Maryland (County pop. 96, 
356) 

This rural community is growing rapidly as families 
move !nto the area from surrounding metropolitan 
school systems. The county ranks low in per pupil 
spending and teacher-student ratio, but high in 
standardized testing results. 



The planning for this project began in the summer of 
1981. Results of a teacher survey indicated that our then 
current program, Concepts in Science, was not popular, and 69 
percent of our teachers who responded urged that Concepts 
in Science be either revised or replaced. 

Inspired by these results, we created a task force of 
teachers, principals, ind administrators to do just that. The 
task force developed a "Statement of Principle" that listed 
desirable characteristics for an elementary science program. 
Some of the key points in that statement were that ele- 
mentary science should use hands-on activities, use con- 
cepts appropriate to the developmental level of students, 
and use the processes of science. 

Using the key points of this statement, we then analyzed 
and rated over 20 textbook programs, identifying 12 as 
worthy of further consideration. Using the "Checklist for 
Evaluating Science Textbooks" (developed at the University 
of Georgia), we narrowed the number of commercial pro- 
grams under consideration to three. The primary author of 
each program met with the bisk force to present and dis- 
cuss their series. We subsequently adopted two of these, 
along with a locally developed, laboratory -based approach 
to elementary science. 

Our program development was different than that con- 
ventionally emplcved. Instead of having a scope and se- 
quence of content, the task force first determined what 
processes to teach at each grade level. Topics which lent 
themselves to those processes were then sought. After 
making certain there was no duplication between grade 
levels, writers developed lessons for each topic. 

Many of the ideas were patterned after other programs, 
especially those which placed heavy emphasis upon science 
processes. Teachers, however, wrote their own agendas, 
tailored for their own needs, instilling on their part positive, 
personal commitment to the curriculum. Before long, the 
program was perceived as one developed by teachers to 
meet the needs of teachers. 



Basic Lessons 

Our program is based on process skills. The somewhat 
unconventional development and sequencing of content 
closely parallels the Maryland Curricular Framework where, 
as students progress from level to level, higher order pro- 
cesses are intrxluced. Instruction emphasizes observation 
in 1st grade, classification in 2nd, experimentation in 3rd, 
analysis in 4th, and application in 5t L .. 

Each grade level has its own c rriculum guide. These 
provide a sequence of basic lessons, and also include much 
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of the teacher support materials required to implement the 
curriculum, such as masters for transparencies, dittos, and 
other class handouts. Lessons specify the processes being 
taught, the content objectives and the estimated time re- 
quired. They also list a series of structuring questions for 
the teacher to use. 

While the basic lessons within each unit define the con- 
tent required of all teachers, a series of extension activities 
provide a basis for enrichment, diversity, and specialized 
interests. These activities are intended to follow the initial 
investigation. The extension activities often carry the pri- 
mary lessons into the areas of language arts, math, or art. 
For instance, students may write a story or draw pictures 
about what they have done. At the upper grade levels stu- 
dents also maintain a journal in which they record their 
activities and discoveries. 

In 1st grade students work primarily on the skill of 
observation in three units: Seeds, Patterns, and Magnet- 
ism. Students begin the school year by collecting seeds by 
walking through fields of weeds and grasses with white 
stockings on their feet. Using the seeds they collect, as well 
as others brought in, students observe and classify them 
through a series of activities. Students learn the parts of 
the seed and how to identify different types of seeds. Study 
in the 1st grade continues with a Patterns unit. Students 
look at apples, oranges, and kiwis to observe seed patterns. 
They learn symmetry by studying geometric shapes and 
certain letters of the alphabet. The unit continues with 
patterns found in anima 1 tracks, or tracks made by their 
own toys, especially small cars and trucks brought from 
home. Students might typically run them across a piece of 
carbon paper, leaving a track on the paper below. The final 
1st grade unit is Magnetism. A large number of hands-on 
activities lead students to understanding magnetic and non- 
magnetic substances, magnetic poles, and magnetic lines of 
force. We place particular emphasis on the idea that like 
poles repel and unlike poles attract. 

In 2nd grade the three major units are Insects, Sink or 
Float, and Measurement, all of which emphasize classifica- 
tion skills. Students construct sweep nets to collect insects, 
then bring their specimens back to the classroom where 
they study them over a period of days. Youngsters aUo 
raise painted lady butterflies and mealworms to view stages 
in the life cycle. We also study fruit flies. Each day, students 
estimate the number of flies in a culture vial. Predictions of 
a continually increasing population eventually go awry, and 
the culture declines as the food supply is exhausted. In the 
Sink or Float unit, students design and construct boats 
from clay or aluminum foil: the goal is to build a boat which 
will hold the greatest amount of cargo. In the Measure- 
ment unit, students measure mass, length, and time in a 
series of simple activities including, among other things, a 
simple balance and water clock. (This is closely rt^ted to 
work students do in their math classes.) 

In 3rd grade students experiment in the areas of Flight, 
Measuring, and Plants. In Flight, students make an auto- 
gyro, parachute, and paper airplanes in a series of investiga- 
tions that focus on variables. Throughout this unit stu- 
dents manipulate the placement of weights on these objects 
and determine how it affects the flight of each. Often this 
results in a ^rd grade "fly off" in which students test then 
findings. Youngsters who best understand the factors stu- 



died produce the plane that flies the farthest or the para- 
chute that lands the softest. 

Third grade students continue with another unit on 
Measurement, building on the previous year. Some of the 
activities deal with measurement related to bouncing balls. 
Students investigate by altering variables— the height from 
which a ball is dropped, the surface upon which it is dropped, 
and the kind of ball itself— to see how high a ball will 
bounce. Although this unit develops skills in the various 
aspects of measurement, the unstated focus continues to 
be variables and ways students can experiment in altering 
them. 

Youngsters also study plants at this grade level. A se- 
quence of lessons deals with seeds and the changes they 
undergo in vhe germination process. The seedlings that 
result are raised for a period of time in the classroom so 
their growth can be measured and charted. The influence 
of certain environmental conditions such as soil type is 
investigated. At the conclusion of the unit, students study 
the parts of the plant, especially the flower. 

In 4th grade, students begin to focus upon the skill of 
analysis in three basic units, Bio-communities, Electricity, 
and Chemistry. In Bio-communities, students study pond 
water. Using microscopes, they observe the organisms 
present, studying the role of the various organisms and the 
interactions between them. A board game entitled "Food 
Chains of the Pond Community" accompanies this unit, 
followed by the observation and study of an antcommunity. 

In the Electiicity unit, students undertake a sequence of 
investigations that begin with the study of static elAtricity. 
Pupils continue by learning about series and parallel cir- 
cuits. For this, a number of battery and bulb experiments 
are used. Students make and investigate electromagnets, 
small motors, and buzzers. These activities teach science 
concepts and also have a direct application to students' 
everyday life. 

Fourth grade students also study a unit on cupboard 
chemistry. Common household products demonstrate the 
properties of matter in an exciting way. Student work 
results in understanding the states of matter, mixture and 
solutions, and the dissolving process, as well as acids and 
bases. The highlight of the unit is a fascinating "mystery 
goop" which has properties of both a solid and a liquid. 
Analysis skills are developed as students apply observations 
they make about known substances to identify the compo- 
sition of unknown mixtures of so^e of those substances. 

In the 5th grade curriculum on Earth Science, Soil 
Analysis, and Small Animals, students undertake a number 
of Earth science activities which have a geology emphasis. 
Simple tests are applied to rocks and minerals to study 
weathering, erosion, and sedimentation. Study of sedimen- 
tary rock leads to student work with fossils. 

Living Organisms 

Many of the activities require living organisms. A 
system-level Live Materials Culture Center supplies 
teachers with organisms. While most of them are commer- 
cially available, several required sets of organisms are spe- 
cific to this elementary science program. For instance, grade 
two uses a mealworm kit with specified proportion of larva, 
pupa, and adult beetles.. Grade five uses fruit flies to study 
population dynamics and investigate the role of food supply. 
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For this, a special fruit fly kit is prepared which consists of 
ten cultures of the organisms started at specified time 
intervals. Providing living materials from within the sys- 
tem helps ensure further program implementation by elim- 
inating the inconvenience and financial considerations which 
could become impediments. 

Science is typically taught either concurrently or alter- 
nately with a social studies unit in the elementary class- 
room. Depending on the grade level, 30 to 50 minutes per 
day are prescribed for science instruction three to four days 
per week. Teachers find that the lab-based, hands-on pro- 
gram requires a minimum of 30 minutes for set-up, lesson 
development, group activities, and clean-up. 

Kits 

We supply teachers with materials for the program in 
custom-made kits developed for each grade level. An item- 
ized list of rontents accompanies each kit. We provide 
teachers with all the supplies they need, including tooth- 
picks, straws, sugar, an^ other common items. Although 
teachers could obtain these at grocery or hardware stores, 
we try to spare them the inconvenience. 

Delta Education designs and builds our kits. They took 
lessons from each grade lc^el and developed a list of required 
materials. They then built a prototype kit for each grade 
level which our writing team evaluated and modified 

Tradebooks 

Teachers also receive a series of tradebooks to supple- 
ment the curriculum at each grade level. These provide 
additional reading and teacher support on the topics stu- 
died. Arrangements were made with Pulley Learning Asso- 
ciates in South Carolina to have a computerized match of 
the Carroll County lessons with published materials cur- 
rently on the market. From copies of the grade level curricu- 
lum guides, Pulley Learning Associates generates a list of 
books for possible use with each topic and grade level. 
Teacher- writers identify and evaluate books for classroom 
use and provide anywhere from one to ten copies to each 
teacher. The school's Media Center purchased those judged 
to be more appropriate for the library. 

Summer Enrichment Program 

We have now extended our elementary science program 
to a summer enrichment program. We have a package of 
materials, "Summer Science Fun," for each grade level. The 
activities reinforce the concepts taught during the school 
year, and introduce new materials. Students who complete 
the package of activities on .'heir own or with their parents' 
help during the summer au recognized with a certificate. 
Although this program is completely voluntary, over 44 
perceiit of our youngsters participate. 

The new program complements the rest of our school 
program. It correlates with two county goals in particular, 
developing students' critical thinking skills, and providing 
for active learning. The program emphasis on using scien- 
tific processes in instruction helps students learn how to 
learn. It also applies logical and inductive thinking to other 
academic areas. Requiring students to take the role or the 
scientist by attacking scientific problems and using science 
processes ensures that active learning, meaningful partici- 
pation, and application of learning will flourish. 
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Evaluation 

We assessed the effectiveness of our program in a year- 
long study which compared it with Concepts in Science and 
Addison- Wesley Science. The former is conceptually based, while 
the latter strikes a balance between concepts and processes. 
We randomly assigned 40 teachers to teach two of the 
three programs for one semester each. 

We then asked five basic research questions to evaluate 
the situation. A statical analysis indicated the following 
results: 

1. How much hands-on activity did the programs gener- 
ate? Teachers reported that the lab-based, non-textbook 
approach was more conducive to hands-on science. Unlike 
the text-based programs, this approach required that the 
labs actually be performed for the students to understand 
the program. With the textbook programs, teachers could 
talk about, instead of actually do, investigations. 

2. Which program best included scientific processes? 
Teachers reported the non-textbook approach included more 
scientific processes and allowed students to discover and 
experiment more than the textbook approach. Neither text 
program was as successful as our own in providing activi- 
ties where students gain new information, rather than iust 
confirming material already known. 

3. Which program best motivated students? Participating 
teachers perceived students to be more motivated by the 
non-textbook approach. Students often went beyond the 
assigned activity and tried ideas on their own. However, 
teachers perceived no differences in the way programs 
caused students to inquirp beyond what had been pres- 
ented. 

An attitude survey was administered to all youngsters at 
the beginning and the end of the semester. Students said 
they were more motivated by the non-textbook approach 
and the concept approach than the balanced process /con- 
tent approach. Parents said their children came home talk- 
ing about the non-text approach more frequently than 
either of the other two. Teacher observations paralleled 
those f'ndings: students in non-textbook classes more often 
came to class wanting to know "Are we going to do science 
today?" or "What are we going to do in science today?" 

4. Which program was easiest to implement? Participat- 
ing teachers indicated that the non-text approach would be 
more difficult to implement. This resulted from the percep- 
tion that it required more preparation time than either of 
the other two. 

5. Which program best motivated teachers? Teachers 
indicated that they derived more satisfaction from the non- 
text approach. It also enabled them to devote more tim( o 
teaching science. However, a 20-item questionnaire assess- 
ing attitudes toward teaching science found no program- 
related differences. 

Based upon these data, the isk force selected the locally 
developed, laboratory-based program. However, the deci- 
sion involved much deliberation and turn oil. This program 
represented good science, and involved and motivated 
youngsters. At the same time, the task force recognized 
that it would be difficult to implement the program. After 
much agonizing, we determined that the strengths of the 
iab-based approach would characterize the program. The 
weaknesses of the other two programs were inherent; little 
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could be done to make those programs more hands-on in 
nature or more motivating to both students an,i ceachers. 

Plans for Improvement 

Problem areas related to the program consist of 

• On-going staff development and new teacher training. 

• Keeping lab-kits replenished and complete. 

• Avoiding teacher tendencies to move away from the 
intent of the program and teach an "easier/' less actively 
involved program. 

A recently awarded National Science Foundation Honors 
Workshop grant will ensure that exemplary science teachers 
in - -h school receive additional training and expertise in 
order to provide direction and support to science teachers 
in their schools. These honors-workshop participants were 
selected for heir interest and enthusiasm in the science 
program, as well as their credibility with fellow teachers. 
Hopefully, these in-house teachers wil! serve as "coaches/' 
providing companionship, support, technical knowledge, and 
feedback to their peers. They would also help f ~ain teachers 
who are new to the program, and ensure r they have 
positive and productive initial xpcricnces >vith the science 
curriculum. This is critical if the program is to continue to 
be successful. 

Principals, the honors-workshop participants, and team 
leaders in each school must ensure tiiat teachers do use the 



program and that replacement materials *re ordered on 
time. If the teacher is actually using the program and 
involving students in lab activities and experiments, it will 
be evidenced by the need for replacement of materials. 

Teachers who are successful with the program are moti- 
vated to teach it because their students are excited and 
enthusiastic. Likewise, teachers who use the program as 
intended are more likely to see student success. Students 
currently in the program frequently say science is their 
favorite subject, even ahead of lunch and recess. 

One area requiring further refinement involves teacher 
attitudes about student evaluation Teachers still tend to 
seek objective data with which to grade students, and are 
inclined to feel a need for objective, content-oriented tests 
rather than personal observation of the students' scientific 
proc?ss in the classroom. 

Conclusion 

The Carroll County elementary science prqgi *.t is an 
extremely successful curriculum characterized by a high 
degree of teacher support and student motivation. Student 
learning is based on hands-on experiences which emphasize 
the processes of science. Students undertake a panned 
sequence of activities in both the biological and physical 
sciences directed toward the development of problem solv- 
ing skills. Research data fcive added evidence of the success 
of this program. 
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Chapter 14 
Science 
Curriculum 
Renewal: A 
Three-Year Cycle 

Abby B. Bergman 

Ralph S. Maugham School 

Tenafly, New Jersey 07670 



School: Ralph S. Maugham School (12 staff; 224 
students) 

District: Tenafly Public Schools (4 elementary schools; 

49 staff; 913 students K-5) 

Location: Tenafly, New Jersey (pop. 13,450) 

While the town's proximity to New York (5 miles) 
puts its cultural and cosmopolitan atmosphere within 
reach, Tenafly itself is quiet and wooded, and most 
residents live in privately owned homes. 
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History of Curriculum Renewal 

Tenafly Public Schools, known for curriculum innova- 
tion and receptivity to new ideas, was quick to join the 
energetic, almost frantic, national effort to develop elemen- 
tary school science programs in the 1960s. Tenafly Elemen- 
tary Schools were trial centers for one of the more ambi- 
tious national curriculum projects in science, the Science Cur- 
riculum Improvement Study (SCIS) program. 

By 1980, however, things had changed. Professional 
support for teachers had decreased, as had funding and 
maintenance for science materials and kits. Meanwhile, 
there was an influx of new teachers who had little or no 
experience in teaching hands-on science. The result was a 
decrease in elementary science instruction. Science had 
become overshadowed bv reading and math programs. 

All or this changed in September 1982, when our super- 
intendent announced that our curriculum renewal cycle, 
aheady successful in other subject areas, would be applied 
to science. We then set in motion a careful examination of 
elementary school science instructional practices. 

Curriculum Renewal 

The curriculum renewal cycle is a constant, systematic 
assessment of instructional programs and practices which 
ensures that change occurs as needed. The overriding phi- 
losophy of the evele assumes that currit^um can be a 
dynamic process as new instructional practices are imple- 
mented. Curriculurr should reflect its social context and, if 
conditions change, an examination of curriculum priorities 
and procedures is in order. 

With our curriculum renewal cycle, we hope to 

1. Establish a systematic program of curriculum review 
and asses ent. 

2. Analyze current programs and practices in curriculum 
areas. 

3. Make assessments and judgments based upon study 
and review of instructional practice . 

4. Suggest program modifications. 

5. Chart a path for future development in the particular 
curriculum area. 

The cycle itself consists of three distinct, year-long phases 
of study. The first year is Jevoted to research and devel- 
opment. In the second year we begin pilot projects and then 
evaluate their success. Finally, based upon the results of the 
pilot studies, in the third year, we implement a systemwide 
program. The cycle is then complete, and ready to begin 
again when necessary. 

00 



Phase I: Research and Development 

Phase I of the cycle, Research and Development, took 
place during 1982-83. In this first year of the r ycle, a study 
group of teachers and administrators examined current 
practices in elementary school science instruction and devel- 
oped a working philosophy and set of goals for science 
education. We reviewed old and new literature in the field, 
distributed questionnaires to teachers, parents, and admin- 
istrators, and held parent forums. We also reviewed pro- 
grams currently being used by other school districts, and 
materials available in the marketplace. The study group 
found science education was a low priority in elementary 
schools, receiving neither the attention nor the daily time 
allotments of other areas of study. This situation probably 
stemmed from teacher anxiety about science, fear of not 
having the answers to children's questions, little set-up 
time for experiments (in an already busy day), and a general 
curricular eclipse caused by concerns about reading and 
mathematics instruction. 

The group asserted that science instruction should be a 
priority and that the maintenance of a quality hands-on 
science program is absolutely essential for youngsters to 
know about and participate in our rapidly changing techno- 
logical society. The matter is too important to be treated 
*vith indifference, ambivalence, or the step-child status with 
which science is often regarded in the elementary school 
curriculum. 

Scientific experience is essential for a child's intellectual 
development. Children must handle, manipulate, and expe- 
riment with the materials of their physical and natural 
environment. By exploring science, children gain knowl- 
edge that will serve as the foundation for logical thought. 

Goals 

In the first year of curriculum renewal, the study group 
developed instructional and attitudinal goals for the frame- 
work of a stronger sconce curriculum. Our instruction is 
designed so that students will 

• Build a rational view of the natural, physical world. 

• Develop science process skills. 

• Gain an understanding of the major concepts of science. 

• Develop analytical skills. 

• Become scientifically literate. 

• Prepare for responsible citizenship. 

The study group identified important attitudes for science 
students to exhibit, including curiosity, enjoyment of work 
in science, and a lifelong interest in science. 

At the conclusion of Phase f, the group presented its 
findings, goals, and recommendations tor pilot projects to 
the board of education. 

Phase II: Pilot Studies 

We implemented the Pilot Studies phase of the cycle in 
1983-84. Among our activities were 

• Assembling science kits anu distributing them to all 
schools. 

• Offering inservices and summer workshops to familiar- 
ize teachers with the pilot programs. 

• Providing a science research teacher to directly ass: it 
teachers in the classroom or lab. 

• Replenishing classroom and lab materials on an ongoing 
basis. 
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• Advising teachers on use of materials, technique, and 
teaching strategy. 

• Arranging assemblies with guest speakers (scientists, 
engineers, physicians, dentists, etc.) to enrich and broaden 
students' understanding of the roles scientists play in 
society. 

• Coordinating trips to museums, planetariums, nature 
centers, etc 

• Providing the community with information about our 
scie. ^e programs. 

We evaluated the pilot programs in terms of student 
achievement, teacher opinion, parental reaction, and teacher 
observation of student attitudes toward, and use of, science 
process skills. 

Description of Pilot Programs 

We consider SCIS-II superior to the earlier SCIS because 
of the clarity of its teacher guides and its improved 
equipment. 

We had used the original SCIS program in Tenafly for 15 
years. However, with the loss of the science coordinator 
some 10 years ago, enthusiasm and support for the pro- 
gram waned and the materials (packaged as classroom kits) 
fell into disrepair. As the study group considered the revised 
version of SCIS for pilot study, it became apparent that the 
inventory of old SCIS materials, although disorganized, 
was plentiful in the schools, and could be converted to 
SCIS-II with considerable financial savings to the school 
system. The new science resource teacher spent several 
weeks during the summer converting our district's old 
SCIS kits to the newer, upgraded SCIS-II version. All of 
the science kits were brought to one of the schools where 
materials (literally thousands of small items) were sorted 
and repackaged into new frames and boxes along with J : 
SCIS-II Conversion Kits. The conversion process had the 
additional benefit of allowing the teacher to become 
thoroughly familiar with every vial, card, pump, and magnet 
in the program. 

Once we rebu'lt the SCIS kits, we distributed them to 
the appropriate sites within the elementary schools, and 
established a storehouse of surplus materials at one of the 
schools to service and replenish the kits. 

After reviewing both the text and the laboratory pro- 
grams of this series, we decided the lab program Concepts in 
Science, by Harcourt Brace Jovanovich, would best suit our 
needs. The group feared that overdependence on textbooks 
might lessen the opportunity for laboratory benefits, and 
since the lab program also included lab manuals with back- 
ground reading material, we felt it would provide a sound 
science program, and opted not to purchase more text- 
books. We purchased one laboratory manual for each par- 
ticipating student. 

Elementary Science Study (ESS), published by McOraw-Hill 
and Delta Education, Inc., is a collection of units designed to 
develop fundamental skills necessary for organized scien- 
tific thought. Students develop skills in an atmosphere of 
investigation and discovery that makes learning an enjoya- 
ble experience. 

We used units from this program to supplement the 
SCIS-II sequence at two of the elementary schools. The 
ESS modular approach enabled us to choose from the 53 
available units to suit individual and local needs. Units 
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piloted in Tenafly included Rocks and Charts, Kitchen 
Physics, and Small Things (grades four and five); Whistles 
and Strings (grade four); and Attribute Games and Prob- 
lems (grades two through four). 

The pilot plan also called for the establishment of an 
elementary science resource teacher who would assist 
teachers on a daily basis as they developed hands-on science 
experiences for the students. The plan also recommended a 
vigorous inservice program. We felt this arrangement was 
effective because it provided a natural sequence from con- 
crete experiences in the early grades to abstract -oncepts in 
the intermediate grades. 

Evaluation 

To assess the various pilot programs, we developed a 
multi-faceted evaluation design. Its four basic components 
are the science objective test, the teacher questionnaire, the 
parent questionnaire, and the science process test. 

Science Objective Test— Aftei reviewing several standardized 
science achievement tests, membtrs of the study group felt 
we should assemble our own objective examination. Science 
achievement tests are most often a part of larger achieve- 
ment batteries and it seemed inadvisable to have students 
take an additional test battery. We developed a test cf 20 
questions not unlike those found in standardized science 
sub-tests. Question content did not necessarily follow any 
one of our three pilot programs, so they were equally fair 
(or "unfair") to all test-takers. However, the questions were 
more general than specific and ostensibly measured chil- 
dren's knowledge in physical and life science as well as 
problem solving, critical thinking, inductive and deductive 
reasoning, <ind investigative and research skills. 

Teacher Questionnaire— A questionnaire surveyed teachers' 
reactions to the science pilot programs in two specific areas: 
assessment of student growth from the new instructional 
practices, and teacher satisfaction with the professional 
support provided. 

Parent Questionnaire — Distributed to <J1 parents of students 
in grades one through five, this was designed to see whether 
01 not parents noted any effect at home of our pilot pro- 
grams. Free space for individual comments or remarks was 
incorporated into the questionnaire as well as an item ask- 
ing for parents to identify their special interests, talents, or 
abilities in science. 

Science Process Test — The processes of science are those 
skills, competencies, and behaviors exhibited by scientists as 
they inquire, such as observing, classifying, defining, mea- 
suring, predicting, communicating, inferring, controlling 
variables, interpreting data, formulating hypotheses, and 
experimenting. This science process test was designed to 
assess how well students use these process skills to solve 
problems. A test was devised which involved comparing a 
single drop of alcohol with a single drop of water. The 
alcohol was tinted blue with food coloring and the water 
w<j» tinted red. The student was asked to place a single drop 
of each liquid on a sheet of waxed paper. The teacher dem- 
onstrated first, using an eyedropper, and then the student 
followed. This test was based on practice ensuring that 
each child would successfully use the eyedropper. Water 
forms a somewhat spheriral bead on the waxed paper, 
while alcohol is more flat and amorphous in shape when 
dropped on the waxed paper. Once the drops were placed 
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on the waxed paper, the student was instructed as follows: 
"Investigate ea:h of the drops very carefully. You may use 
any of the items here on the table: ruler, eyedropper, iTiag- 
nifier. Make your observations and tell me about the size of 
each drop and any other observations you ran make as you 
compare the two droos on the waxed paper." 

Aher evaluating the results of the two tests and the two 
questionnaiies, the study group reported the following 
findings and recommendations: 

• Teachers, students, parents, and administrators all 
approve of the revitalization of Tenafly's elementary sci- 
ence program. The community accepts and supports the 
hands-on approach to science. 

• K-3 teachers urged that we continue ihe hands-on 
approach and the extensive u^e of concrete materials in 
student investigation. 

• All pilot programs were equally advantageous in terms of 
4th grade pupil achievement on the science objective f est. 

• The science resource teacher played a vital lole in the 
success of the science programs. In fact, the all-around 
increase in professional support to teachers led directly to 
renewed enthusiasm in elementary science. Teacher 
workshops, inservice courses, and the increased availabil- 
ity of materials were popular and effective. 

• Response from the parent and teacher questionnaires 
indicated a problem at the 4th grade level, and to a lesser 
extent at the 5th grade level. The SCIS-II content at 
these levels was unusually abstract abstract. It seemed 
that a replacement for the SCIS-II program was needed 
for grades four and five. We also concluded that any 
program implemented in grades four and five ought to be 
consistent and compatible with the program in grade six. 
For instance, teachers of grades four and five, while not 
using textbooks as *he basis of the science program, did 
remark that an increase in conceptual learning would be 
appropriate for these grade levels. 



Recommendations 

After reviewing these findings, the study group deve- 
loped a list of recommendat'ons for implementing an inte- 
grated science sequence in the Tenafly elementary schools 
and the 6th grade at the middle school: 

• Implement the Concepts m Science laboratory program at 
grades four and five in the elementary schools, and a 
modified version at grade six in the middle school. This 
will increase continuity among these levels 

• Maintain SCIS-JI in grades one through three. 

• Implement units from the ESS program at the kinder- 
garten level. This will enrich kinder- 
gartners' school experiences while preparing them for 
the science work to follow in *he early elementary grades. 
Specific units for kindergarten include Attribute Games 
and Problems, Pattern Blocks, Growing Seeds, and Match 
and Measure. 

• Maintain and augment the commitment to community 
involvement in the science program. Newsletters, guest 
speakers, and parents sharing their scientific interests 
and backgrounds with schools all add strength to the 
program. Field experiences also prove enriching for the 
youngsters; teachers in specific grade levels throughout 
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the district should coordinate field trips and share plan- 
ning and follow-up activities. 

• Expand the commitment to providing inservice opportun- 
ities for teachers. Provide workshops for veteran SCIS-II 
teachers to encourage new ideas and the exchange of 
teaching techniques. A summer or early fall workshop 
would be helpful for 4th and 5th grade teachers who will 
be using the Concepts in Science program. 

• Continue the recommended standard time commitment 
for two 40-minute science laboratory experiences per 
week. (In kindergarten and grade one, 30-minute periods 
rmy be more appropriate.) 

We had several reasons to support the above recommen- 
dations. One prime factor for the retention of the SCIS-II 
program in grades one through three, and the proposed 
change to the Concepts in Science in grades four and five, was 
the firm belief that young children should Le provided v/ith 
a wealth of first-hand experiences with materials from 
their physical and natural environments. Young children 
also neeci to learn how to collect and organize data to sup- 
port hypotheses and form conclusions. The SCIS-II pro- 
gram stresses and allows for many such experiences. How- 
ever, we felt that as children enter the intermediate grades, 
they were ready for a greater degree ^*f concept and con- 
tent orientation as is provided in the Concepts in Science pro- 
gram. This sequence of intellectual maturity (i.e. concrete 
experiences preceding more abstract ones) is consistent 
with major tenets of cognitive psychology. 

The Concepts in Science program in grades four and five also 
allows for greater continuity between elementary and mid- 
dle school science experiences, since this same program has 
been selected for grade six The implementation of the Con- 
cepts in Science program in grades four and five also addressed 
a perceived concern about the SCIS-II program at the 4th 
grade level and the undue repetitiveness of this program at 
the 5th grade level. All of these recommendations were 
approved by our board of education in May 1984. 



Phase III: Implementation 

The newly-established science sequence underwent a com- 
prehensive evaluation, and programmatic adjustments, as 
necessary, were recommended for the ensuing years. The 
objectives for Phase III of the renewal cycle were to 

• Employ the specific programs recommended by the study 
group. 

• Assess the level of success associated with these pro- 
grams in terms of student achievement, parent reaction, 
and teacher assessment of student growth, ease of set- 
up, and general satisfaction with programs. 

• Continue in the efforts to support teachers in their science 
instructional practices and techniques. 

• Provide inservice opportunities for teachers. 

• Practice the recommended time commitment of two 40- 
minute periods of hands-on science per week in each 
grade. 

• Continue to inform and involve the local community. 

• Develop a curriculum document for science in grades 
K 5, consistent with other such documents developed in 
the school district. 

• Develop a descriptive brochure about our elementary 
school science program. 

Once the adopted programs are in place, the life of these 
programs is about five years. The study group, however, 
remains active to deal with problems as they arise and to 
infu^p new ideas into the ongoing programs. 

Ongoing Needs and Plans for Improvement 

The cycle ends but the work does not. We must continue 
to maintain and improve the existing programs. Annual 
budget allocations for replenishing science kits and acquir- 
ing live materials are a continuing requirement. Most im- 
portant, the professional support program must also be 
kept alive to help teachers incorporate new ideas and ap- 
proaches into their instructional practices. 
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Chapter 15 
Conclusion — 
What Makes an 
Exemplar? 

Phyllis Huff and John E. Penick 



Everyone wants an elementary science program, and we 
all know a good science program when we see one in 
action. But what makes a program truly outstanding? In 
order to answer this question, we examined each of the 
selected exemplars in light of the guidelines and criteria the 
selection committee developed. 

Although each program described in this Focus On Excel- 
lence volume was selected by the NSTA Task Force On 
Defining Excellence in Elementary Science Education, they 
vary greatly in approach, extent, and impact. One general 
observation, not at all surprising, was that no program .net 
all the listed criteria. However, each met a number of crite- 
ria in such a highly satisfactory manner to indicate they 
were different from the ordinary and that they were, indeed, 
providing science to their students in a meaningful, effec- 
tive, and enlightened manner. 

We aralyzed programs using the criteria outlined in 
Chapter One. Each of the four sections, Students, Curricu- 
lum, Instruction, and Teacher, will be discussed with sum- 
mary criteria statements preceding each discussion. 

Students in an Exemplaty School Science Program 

• Recognize the interaction between people and their 
environment. 

• Use many and varied scientific resources in problem 
solving. 

• Realize that science is work and that the solution to one 
problem often results in other problems 

• Exhibit effective consumer behavior. 

• Use effective healch habits. 

The exemplary programs contain many hands-on oppor- 
tunities Tor students involving a variety of techniques and 
materials, with students actively involved in all aspects of 
the program. Two programs feature consumer education 
as the foots of student activity; two programs involve 
health education with consumer education. And each of the 
14 prog/ams is activity centered, using a variety of activities 
to reach their goals. Probably the most significant aspect of 
thi« area is the overall involvement of the students in what 
they do and, from the evaluative reports, the enjoyment 
they experience as a result. In all cases, students actively do 
science and apply their knowledge to resolve problems. 
Students pai titipate in science fairs and Olympics, go on 
field trips, and use their science in all aspects of the school 
curriculum. 



Curriculum in an Exemplary Program 

• Provides planned, sequential programs for all students 
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emphasizing hands-on, involved learning. 

• Has clear, well-defined goals and objectives. 

• Has penodic review and ongoing evaluation of content, 
instruction, and learning. 

• Contains experience and knowledge applicable to students' 
lives now and adaptable for the future. 

• Provides teacher guidelines for planning and directing 
science activities. 

In the area of curriculum, exemplary programs make 
much use of activities from programs developed with 
National Science Foundation funds in the 1950s and 1960s: 
Elementary Science Study, Science Curriculum Instructional Studies, 
and Science: A Process Approach. Almost all use some ESS units. 
The main feature of each particular program is its creative 
use of these activities and materials to fit their particular 
goals and objectives. Several of the programs tested and 
researched a variety of materials for a period of time until 
they arrived at those materials that seemed to work best 
for their particular situation. Many of the pre grams com- 
bine the NSF-develnped curriculums with science texts, 
science activities from a variety of resources, and science 
tradebooks. Often, locally developed or NSF project activi- 
ties are correlated to texts, tradebooks, or other parts of the 
curriculum. 

Kits created for the classroom teacher's use focus on 
simple, everyday materials wherever possible. In almost all 
instances, these kits are the responsibility of a central office 
person, not the classroom teacher. Teachers don't have co 
worry about materials. This is perhaps one of the most 
important features of these programs. Teachers receive 
support from the administration and are encouraged to try 
new ideas and materials They expect success, and they 
receive funds and materials to successfully carry out the 
programs. 

All these programs emphasize careers, applications of 
science, and science as a way of knowing. Many include 
aspects of health and technology. Each of these programs 
ha* been carefully pla. ned in accordance wi*h objectives 
and evaluation. This is evidenced by the thoroughness of 
the written description of goals and materials (although 
little was written about what tpachers really do in the class- 
rcrn). Most programs are concerned with the students' 
future science preparation and knowledge as well as the 
pn .,ent. They aim to develop a positive attitude toward 
science in the students and to prepare students to be scien- 
tifically literate as members of societv 

Instruction in an Exemplary Program 

• Is supported by an adequate budget and administrative 
guidance. 

• Includes problem-solving activities applicable to students' 
daily lives. 

• Provides adequate materials for students to explore. 

• Meets or exceeds state and national minimum time 
expectations. 

• Integrates science into other content areas. 

Most of the programs in the area of instruction integrate 
science with other content are^s »u"h as reading, language 
arts, and math. Almost all use additional resources such as 
field trips, science fairs, and camps. Activities are many and 
varied and, for the most part, problem-oriented The pro 



grams are an ongoing pari of the curriculum with ample 
time spent ov -»r the course of the y.ar. To keep it that way, 
every program involving more than one school provides 
focused, intensive, and continuing inservice fo" teachers. 

Two of the programs make science the cen'er of study 
interweaving other subjects as a means of gahing knowl- 
edge and completing f he activities. As indicated earlier, 
most of the materials are common, everyday materials that 
students can identify with easily. All of the program ra- 
tionales state that they consider science a vttal and impor- 
tant part of the curriculum and, as such, include it in the 
daily requirements. 

Teachers in an Exemplary Program 

• Have a clear understanding of the goals of the science 
program. 

• Have an opportunity to learn and try new ideas and 
methods. 

• Provide varied experiences in both content and processes 
of science. 

• Provide a variety of experiences from many sources in- 
cluding the life, physical, and environmental sciences and 
current problems. 

• Encourage students to be problem solvers. 

The teacher emerged as the strongest part of the pro- 
gram. The enthusiasm of the teachers involved is evident 
in the written materials and in speaking and interactinf 
with them during presentations at the National Science 
Teachers Association meeting in San Francisco in May, 
1986. 

Most programs provide inservice and teacher guides for 
all parts of the programs while all programs provide some 
type of instructional support for teachers. The teachers feel 
they have input, knew what expected, and feel they are 
meeting the goals of their programs. Teachers are anxious 
to try the ideas they gather from ihe inservice and ether 
learning techniques. Not all of the programs cover physical, 
life, and environmental areas, but they do present a clear 
scope and sequence which ensure that all areas are covered 
during the course of students' elementary school years 

In summary, the most important characteristics of these 
programs seem to be that they are well planned and have 
clearly stated objectives and goals; they have support from 
the administration; and the teachers involved are enthusi- 
astic and able Also noteworthy is the use of existing mate- 
rials (they did not develop all new materials) and the defi- 
nite problem-activity focus of the programs. In addition, 
when science kits circulate from the central office, teachers 
have a focused inservice. Science is expected to be taught, 
and it is. 

A deciding factor in the final selection of a given program 
as exemplary was the manner in which it was presented for 
review. The essays were neat and easy to read and follow. 
Those that sent photographs, tapes, and supporting mate- 
rial did so with careful explanations and clear descriptions 
of how this material was used and produced. 

All the exemplars have stated that this experience has 
made a tremendous difference in their schools. They have 
received publicuy and feel that it has given the school a 
truly positive image. This kind of result helps keep elemen- 
tary science in the foreground. 
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